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tim iiiatinii I iiK M(U' II r.i ii III - !• *« •Ml In •t II 
Kin Inn I I \|M mill ii*' III 


cinni.it II 

OllIlM 1)1 (Ml P|{o|)| I I |liN 111 VliOKill 

I ]hth nols I 
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Ili/Min* |•||•|l• nil • _'>• I>J|I|| ‘Mlisllij ()I.)I 
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I'lil S> I’.ilMil -lilU. Hm(iIiiii 1 |iiii 'NI 

\ nf CiHulosH Snh\funn‘> tnhi \httlntl ‘HI 
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< tn\i I'.iMii infM liiiiit ihs Kiil|>hiMi hhI >li I'll *riiiM t* til III 
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tl> Mint i.ili*.'il nil 1 1n lull i| oiuni ."M i_i Intliitiiiiil mt tin IhIi'iI 

•lili'l ."»‘i ( Il S|..tiall\ t|. I .•Inittl .ijt.tlit.l .'*17 (I) Xltiihiil 

iit'l ill iiiitni' i| {H| Iniiii.iiiiii -111111 III' \\ iiinI tin|flilliii ‘|lil 
Mint i.il II t|i|ilti.i IIJ * 

II iilhlyfiiaf iliafin^ in f on n/ti f'oiini//i y ;M4 

Xn-tiiH itiini.Mi\ 11*1 |{t|.>MiiM M*' liiiiit till i.tiiii.nn 117. 
ilfll.iiitl l_'i) HiiK i.'ii N„m„x i_M |*,.Mn^fil t.'l Kn.-in, 
t-’l S|Him I.*.' Nut.tin IJl swii/i il.uiil tj | Initnl 

"I It*. |.»4 
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CHAKI’KR Vlir coni 

I • rM.B 

il[ Tcekmcn! AppltaitoHn of inilnMrv^ !)20 

ir«> Iff nil ithol fill liiiMiini!. I'll .‘IJii I 111 oiiUriii, .IJit Ah liliol hh 
mu fiiiili‘iMil, l.'7 Mtiiiiiliii Inn otilhn liS VhiiHu'miI Ptlii*r, 

ISI MMiiiifw Inn i>> iiliil ihlninli. Ill, nl rhiniitli*, 

*13.. ni I'Alvl lirniiinli . HI.', nl I MMlulf, i!|| nl i liloiiil, H‘|,> 

Ilf i'lil'iiololiii, H IS . »l )iii>iii»l>iiiii, III, iiinl m| iMilulniiM 141 

Ktiiil wi'lKh, *114, <lh>l III I (lull ll*>, itlixl luiiiiali', UK, 
iiif'lhvi Iniini^li^ ll'l, I llivl hiil>tiiti‘, 3l't In HVi, 

lii‘ii/i>ii(4*, .TiM , <«,il'i\lali. 110, 1 lli>l iiitiiii l,V) iiiiiiiti', I'll, 
r4 . iliiiMlhvI 'iiil|iliiih>. Til, illi\l 

II , •ri>i. iiiH^ilii llisl III) rih>liMii 

iii|>imi, ,1*17 I'm |Hiijitii>n ol i-tii’, l» I'lS llihvliin. 

,r»(l SuiMh'Iii' liii< ihiinimt* |ii» Mimiiiv luliniiiHti, 

■llll cull iiiiihIiuIi* iimiliii U lll•l||l•llll l|i> ImiiliiM', li>i. 

rfiiiw iliviniiitiiir, HtU I Ihvliitiiiiin , Mi'i, dn ili\liiiii|iiii>, M>i>, 
oIIuIIh'ii/OimiiIiiii', MIIi hniiimlili |im|i , {iiii \i ■ lalil< liviti MiS 
I'rmllK tiMII 111 \lni»ill flnMI Hlliiltnl, Ih't 

CIIVI'TKK 1\ 

Al.l'OIIIII. .SllM!('l. Ill' l.lr.lll Mill \MI MllllVI. I'llUl li ;<T2 

Miiilinl Us illiiiiijiiiihl. 17- ii- linl. 171 Snlulilu'il s|iiiil, 17 1 
\lrnliiil Us iimitM |Hiuii, 171 VIihIihI iiud u|!iHMiltuii Is.' 
('uiliun‘lli il iilfoliiil, IS I rilmih, vhIm**. Isl (Itiiss nnil 
111*1 \iilni', ISli riiiiiiiHl units, HsT ( ulmiln %iilu« nt 
nil ili\liiti'il s|iiiii |*t7 III I IIII'liii III >1 nil mIiiiI {sh 

I’MM'TKlt \ 

Tiik Mii.iii.il MiiMiiiin.i I s III \iiiiiiiii Ki M I till :itiil 

ultiilinis, IMtl |{ul\l iiliiiliul* l'l| \iii\l uliiiliiils, I'lH 
Ftm i nil, H'kt NmiI|iiI|i hM’iiil I*l7 l nrii))os|liiiii nt Itlsi 1 Mil 
HUH Ksuliiutiiin nl tiisi I ml liHi rsiiin.iiimi nl I'tli.til •iImi)im| m 
lusi'l lilt, 4ill 

riivn'KU \i 

Si'liail til .s Kl M K\i>l ^ llHi 

I, The t'htmmtl Kutfnnutliftit i>j s^mth 4IM5 

AllAt>sH, 4<I7 Kviiiiiliiulimi Ml tin disnHuti* |||M \ii|,ilili lunl, l<MI 
l'Iti(iM*i, IdU h'liilniiil Itl'i \l<|('li\<li*s thl I'Im* I slim ttMMi III 
hlghiT nlcnlinh III spiiils IIO \||t>ii Mui)|ilunll liii llltui. III 
mH'kmuiin'H iiiHlioii lU. tmM'inim'iil l,iilii>iultii\ uu'lliml, III 
lliniiii uml Cimiuss,* s imthnil, |l,'i 'I In* Il4>si> (uyMss ||7 
|lnill\ s MII'IIuhI, 117 n MIMiks iJti • 

II. Hmnfhi . 4:!;t 

ISnUili liruiul^t IJ.I, lluii (U* m«*. IJI. t'niiniit, 4.'l. iimk l•lUIlil\. 

434 .\iMi>siwii| luiiniH liiumiii's 4.’ll 
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xiii 

rHAlM'KKXI font 

111 r/iii . . 42K 

I'lmiiMI«‘i4Ilf, fj'i Miiurmlo. l(o (m'im'mi. IIIO 


IW ItHttI 


131 


rv|H*>. Ill •liitiiaii a iiiMi MJ |)i till laia iiiiii Mi \iiiilvsi>«, 4^1, 
liiiitatiiai itiiii. I i*> . 


V . . . 

lliMiiit, M*i Miiii'ii.it- III! l>i'>till>in<nP ul Miiiiiiiti):. Ill 
Ulrii'liti^ III ( liissiiii ii'imi 11 I 4ll 

II'* l.'ll 111 utll-kv alllllllk' |.)? 


137 


VI LufufUly, ('onluil\ and i'tt/niMfiiHthii tSfnnlM . *, 4.)4 

Lu|ll<'llt-anal c tilillill IM \lilll\*<* l *>7 ra>lll|laMllii(a'ai’•|illll>l, IlKI 
llllll'h caiiiiitialliitU, llall Kllllllia lllla i| '(Ulllo, llill SviiS'lf'IIHl 
'^plllt^. |MI Llt|nali|<. HiO rnirtlllav IQfl INm'Ik I'l, 4 >SI 

)'\hlil.Uli>lt cal aHsaiitlill mis III III.* 


Ml Mil . 1(13 

I la iia ml a liiil |a la Is Hit < )lll.lliall klUV H \ L'* III mI « ail|c<llla*rAlllNW, HITl 


Ilf h iiiiiMiilimi o| (iiib’imil Kiiiiitv fl) li\ al|s|i||iihi>n llH'lhfMl, Hill, 

|J| a \ll|lai| itMli lllatliiicl Hl'l III Hill laillli III • .llllll\M<« Ilf 

17 i I ii III ml aiiiili si«, t77 

ill ih In 11 IkiIhihc III a I I7M 

\lll f'tfhi Hint I*tfn/ INII 

li'llllall allllllldals III l|l|a| |HI» ( nil I lllllst |hl ISfllllh, 
rillltlltls Isi lliilli Ilalil |Hl \llll\sas ISt I'dlV. IH.'l 

l\ U/H<s IHa'l 

(•a III ml • il llilf (< Is |Sli S|,i|||fia,|||ia (.] till MiiiaaiiMiiiiilvlHal alnlH, 

MH \iiiiU>^ . Ill rniifii anal aith«i niiiis |S'< \l(a>iif»l, la id 
ainlistmal Idllaa-. I'iJ Ml ihii'ls (a| fllill^sl , HMI *l|f 

\ iinti'fh 11 (/(/I ."ll.'i 

(••‘iia'iiil I liaraa li IH, ill I'n ai«aliM-f and a ailniiiiiiv’H in llO 

XiiiilVi'H fit, i)7 

\l MiduuUtl \\ .‘ilH 

\II Xon-Ahtthiiln' . 3111 

XIM \tntffUanfOVi Atctiiifftir iiirfratji'* .... 3211 
UartMtdi, IJd, Ki‘|>lia,. Ijii, Kmiinibs, .IJl , SAk<^. ,‘>22, 1udd3.fi22 
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tlr 


• ('ll\ITr,l! Ml 

I* till 

Till. l’li\'-iciijH||i VI lviii.il'iii \i<iiiiiii. 

\Ihiii liltoii ol iil( >i|tii| mill (III hliHtil ‘ijl r\< >1 tivpii, '•Jl Oxidiihi'ii. 

■Jl 1'•HIM uliiiliiiii Ml lln ll|■•l■l|, ijli IjiiIihI 
<^ll<uilllv |II■••|M•MI" lll■••\ll lil|i>M < ||I•I)M■ •i|mi>m>1|Mii, *t^j( 

•Iix'mIiI' 'i IO tIMilllill liKMUi > Ml llifMill<< *• 10 

(It-I IiIm-%«iI llli'i 'IlM \<|IIM, >i.' I Mm l'< 'III 1 laltlM iMnlllMllt 
• I ( |i AmI M "l^l •Mil • 1 11 IiiIm I loll ill ll I Hill oil |< jii i«<|l|l 1 1 \ I 
iilU. >11 I'llliK ..I l>i;.|> .1.... M. Mmii.iI .11.,I, ->|.-, 

r\|M liiii< iital HIM-hjiHloiir 1^ \> imii on m mo hhim iilni 

\>v(l|ll '• •*> Ktli > I- oil till' alUl Htloll llJ on ill! M ■<.|tl||||| 0 || 
l|l|, nil lln MtMlIlllloii, 'ilT „f„i oil lln liotU ll iiiliiM . Ms 


I I M> nil nliiil III 11’ill ii^lil oMi M I' ilO I • ti HiIImiiMi "iO 
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\riin MM M V»7 
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\< lion ()| \ 

iMiiiis M.i-isnii till iiiriii ini.^iiinii -ii«.mi- 

.'ll 

\ ii‘M III .ill 1 

iilml Imiii i.iw itMii ii.ils 
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nl w.isli III (ciiil- 

S.'i 


KU IlHi 

\li|))iit)i . 1(1 

1 nlinl- fill iiiiil.r s|i M| anil li |it 

llli 

Ml tiu 1. 1)1 III 

hill -|>iillli ;>I.|\](\ nf niUi nils lllivlllli > 

i;i;! iriii 


ImhIiiim |)iiint.. Ill 

i:i7 


\ i|iniii |iii nil Hill Im.M III \.i]inii-.ilinii 

i:i7 


-]|| 1 llli IliMl nj aijlli ni|« nil\lull <H 
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Klli\ 1 .ill ulii 

III Imilin:: |■••lnl it \ iiinii-jiii .-uiis 

11:1 


\ l|in||l |Hi-*ini Hlllln.lt nl \ .1 |iill 1-.it Inn 

III li.'i 


-|ii > iIk III .It nt .ii|iii ■>n inixtiiiis 

ii.’i 


-j|••lll> •‘iiMti nf |l{l|■•.|| iijixtnrt'-.it 1 iiinii- 


(1 llllll l.llllll - 

117 


imlii 1 - m| II li.ii imii il \ Hit 11 - t<'in|ii i itiin - 

i.'iii 


1 || 1 till I ninllli IlMl \ 

i.’>l 


''|H'iilii iniliiitiii |MiMii 

1.13 


\ I-I n-M \ nt ,M|1|I Mil- niixtllli - 

l.'il 


till /ini' {mint - nf ii|ii( nil- mix till 1 

I.'..'. 


liniliiii; jinilll- nl n|'l< nil- IlllXlnti - 

1 . 7(1 


• n||||ir-lt mil nt .l/< n||n|t|i nil\tilli‘* 

l.'ili 


lin||||i«5 |inMil - Hli| • n||i|i n-lll!i |ininl - n| .. IlfniJ- 


inixliin- \ 

L -1'! 

Minimi w.itii .Hill )ll>t.l^'•lllnl llimiitii '•nlnliilii .iMi 

21.S 

.Ml nlml .iiul 

illiM -pfiihi ninitx nl iiiixliiii - nl 

337 33» 

Tciiipi'i.iliii 

1 iniinlmn- 

. 3:i.i 

S]N 1 till ifi.nio III iii|iii nil-all iilml .it III! <iii K 

2:17 2.77 

l)(‘ii''ih III 

Mlixlllli- n| (tll\l llintiiil anil u.lli 1 .|l X.llious 

triii|K^i.itiit<‘-> 


I'liMlf sIMIlt 

-tn IIlMIi (nlli -|in||(illiL’ Ultll iimIk at mu'- nl Slk( 

s - 

IlMlinimtn 

. 2(>7 

UVijflil nf -| 

[Hilt- |M>i gallon 1)} Siki ^ - IImIiijiimII r 

. 2U!> 



i.m UK 


iti 

P('4 

Kiipi^n ttk'olfolir xtrciiftf }ih «uul Unti^ii priMif \ siliir.s, 21 “* 

Diliiturti of aIhiIkiI to li»K(T . . 2k2 

IMriM'toiiiftfT at :!0 . for Hli^I and iiictlnl aliolioU. 2H4 

al lo4» toi i'tiul and iiutli\lal(olioU2H.'> 2Hli 

* . ill . lor (‘llivl .diohol 2S7 

at lot) , fill ||i«r|M‘i aholioU 2S7 

K< Iriiidivc indn< orii“«|)ondintf xvilli m .ik* 2 ss 

JnduHtriul mHlixliiti^ Hjiiiit. i|nantiiirsii««i‘d for in.iniit.o inn.s. 

i*tr , in till' riiilcd kifiKdoiii ^ :{].{ n|| 

Ti'hIh of nlroliol and f'a>olino in ‘^^dioiiaix rimnn ^ :tsu 

. |ii‘liol and iH'h/ol 111 st.itioiMiN rn^iiii.‘ts| 
^ III Minnini; i*\|ii nnn ii(s ;is| 

IVrmal and otlii'i pailK iilais ol imalnlati'd ^)>llll . 
f'alorilic \hIihs, <>\|iciiiiii ntal ,‘{SM 

Liinitaot iiillaiiiinaliilitv :isn 

Ki«friU'lioii xaliicH ol lii:!lici .diolitiU ioiii|Mi(d aitli [tionl 

H|)iril hU 

Appamit ((aitriit ol limliri .iliolmk 117 

IfiKlioralroholrtt‘slnnatH) lo ihftcirnt nolloMi^ I.M 

Annl,>Hi>H of Inaiidx IJii ijs 

»1 mm i:il |;|7 

ol uliitkx lir, I',.I 

of vanmis lii|(inii'> ri7 

lixliiK' AhxnlM'il In i'''M'nlial oiU IVs 

Kaw'iitiiil oils in muioii^ i sm iik s Kij 

Original tfiiiMtx lalilr disiiilnlion |)iiiioss l 7 o 

.. r\a|ioialion |)i<N(SH I7| 

iikIkmI Mill \ .lint* ol . 0111 (‘ a« id t7J 

irliai tioii talilr I 7 (i 

AiiaKsi's ol i‘id<'i IM 

of |M‘n\ |s‘» 

.. ol Mini's IMi l!Mi 

Kxtriu'l talilr, Mini"* II 17 

Wllio. <|iiantilU''« rlcahsl Im 1 oh-«iiiii|itinti .‘>15 

AnalxMi'sof HiitMi winrs ,‘il7 

Kobi'rla's r\|M>riim‘iiN on |h'|i1i« digiMion .‘>4:1 



I.IS'I OF ILI.US I RA I lONJj’ 


I riiinitivt lot in'* i>t'soil- ^ • 2 T) 

M) l>t TIioiim'* \\ illi- .. 10 

II i: i: M.ilil ^ II 

IJ mil Lit hiu ^ 12 

I I Liiiii" I'.iMt III ‘ t;i 

II Sllll to| til'ollll.llloll .IImI li • t Itll .11 lull lit W 111 ! 21 

1*1 Si < I Kill tliiuiiuli Mill ui (>i.nii III li.ii li \ !I7 

hi \|l|l.lliltll'> lot )iMi{Ml!.ltlMLMi 411 

IT <'ull\MtM lul Ml.llllltiu |int.ltu< iti oh 

M.i<'li 'run \Ml)i iiia''liihi.' inai liim III 

I'l laki •> II t itiL* ::i .ii 02 

*JM h|0| >|i I (mi .11 III '•■(I < lialliMIIL' |ilu( I •> 07 

-I I)| lull I I w Is ful I l.ll I lull III 'I 11 .MI lx I t OS 

'22 Siiii|iii |ini->iiii Oil ii'.itdi h;i 

»!t Ml am liratf il |hi| -till uitli iMlihim.' Iii.h I S4 

21 CulIlN s jiatMlt 'till iNtlllul HO 

2.') iliautaiii u| HS 

20 IkiulOi' I ullllllll t uilllliuuils vtill HO 

27 Kimii III iiliimn a|i)iaiatii'> Ini n i tili< .iliun OJ 

2s MihImii still Ini (u)itiiiiiuii'« i< I tilii .limn . 02 

20 Tllpll 4 ullllllll ( nlltiMlIniis »til| fill am (I ,il< nlinl KIO 

!I0 \|i|iiuatil'> ful I <>111110111411 III nil tial al<u)iul |K1I 

•fl f viaph Ini I till I .ilinlinl .iinl u itM niiNliiii *• 220 

!)2 l’\ kiiuiiM 1i I umIiii.ii\ . 234 

33 (il I fuini 230 

31 Siki s s ||\«l|n|||f ti I 204 

3 1 Ni>1illiii^ a|i|iaialiis fui l•lMMtltlnL' nMl)i\l ahulml jn < 

uiHxl naphtha 30(i 

3(4 Khi^k U'^'iHnl iiituiii ami lilniiiiin |(st<. ,*|0H 

37 Sihfi picssun lia^k fur i sti |s < »tinia(iuii . 30H 

3S histillalmn u|i|Miutu<« foi ih'frriniiiaiiuii of l>uiliii;r raii|;u 3(l1l 

30 FrmtiniiiitiiiK tnluinii On fuse] ml aiial\«i'> . . • 401 



Kill I I.IST OK II.I.UoTKAIIOX-i 

« 

• 'll) Stratii J«ic k< tuj lisid Inr ({III 

41 f HIM) still i;)2 

42 Still foi diMM 1 liiiM^ iismI foi Jiiiikiiii; linn KH 

1*1 Sti iiiii j.K krt< (I |H>I still I:ts 

U l‘i>l still Ini (IiimI Iimii;; 

lo. Still. Ii»i il« h iiMiMiiii; oii«2iii.il <;i.iMtv nl Imci M»7 

10 liiiitii^isinri M li.ii Iniiii ti 1 with lol.iliMi' hath 174 

17 Ihauiiik's (il Ml IVI'C rlU -howirii; (h'Ui Ml latm i||<iMu<'- ’>’11 

I.S Mil Misf i>|ii( al lilies nl liMMian i)\( i ‘i.n 



TAULK OK MJURKVI \no\S KMPLOYEP 
IN IIIK Ri'.KKRINt'KS 
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tllfl filiHl I 

I H f t'U /■>! •/ 

I 'ir.'i/i u 

I >1 ' ill f h HI I !•/ I 

[it‘i f liiiii I/I i' 

I.../ I I ,11 i’l.ifii 

lull f I.IM I'l /« 

l»>l / / . 

>>»i h, t r^l^l '.I 

If A'<«' fi '(/»n/ 

I/.ft >1 ^, ri I -I \ If 
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/.If . 

It. I, 

/ 
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n r 
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«..// I//., /'.f..'/ 

//‘iW I ""I f / f/n ><(» f 

//mW A'*! ilt'MI 
Itii'l >i*» # A*»w /ft// 

Itilll I N /#«/ /»/<•/-! 

/ ft»»/i mill Vifti// A/I'/ 
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fft.w Ir / 
f'Ao/i H.'/ft/i./ 

/ A« M X. ii 
f'fti/n Zm'/' 
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/)iw/<>rA J/'r/n» / A/f» 

.Vm/ 

IhrVhim Iniiu\trt‘ 
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JiM HNM 

Vlli.’i III* III! linili llli*ni<ipl<ll XcMtiiiK 
\iiii I ii nil ( )it III'! Ill J'liiii nl 

Viiulii.iil Ii'iilMilI 1*1 i'li\ 

■lu-'lll' i Ii lill* « \llllllll 11 |||>I < til Hill' 

\iiiiii)i (l•llllll >1 I iiiii 

^iin.ili < lit' (liiiiiH \i)iih (ii|iif‘ 

Vliiuili II ift'i ( In Hill’ Mini I'liiiiiiia/in 
\liiiiili •{■ < lilliili’ ■ I ill’ l'll\<«li)ll(' 

\lllUl)i « *|l • I ilUlllI I| 1 |H||I> 

\lllllll' •> ill* I lltoMllll l’ll<-tMll 

\iIm 'iiiiIm Kill’’* till III <i>‘»iiiiillii'ilN*iml 

\ii lii\i •> ill > S'liiii’ < t'li\HN.ii('s I'l Niilunillc* 
in \a 

Vm Iii\ ill t.iiiiiiii nil ^iii s|M’nii.nniA)p i* in'U'I\;<i 

iilliiii 

^Il tin I Ml \i illiiliijx 
\li ill' ill ' I'liiiihi.i/ii 

\il\iv iMi K« nil Mum r'tliiL'iw Ii «iiNi|M|;i 

\|*ii|||< l\l ■ /i it llfl!.' 

I *■ III lit* 111 I >■ lit ■*( III III In iiiiM'lii II (ii’iw'lliiChuft. 

Mill In inn il ■iMininil 

liiiM In fill I In /i It a liiifl 

Hiili’’li I'lili III 

I'm Ua Mi’ li'lUli.ll 

ISiiIIm 111 Ml iliM Hum HU iif <\f!ri/'iilluriil in* 

lilli.'iliM iiinl nf l'l•lllt MiHUMi’a 
Hullillll 'll I iHtiKII lllH rlllllll<ll<M tin 

>111*/! • I all ItMlllla rn* 
r •" (III ift* III Smi II ti’ I ]iiiiiii|ii<‘ il*’ Kmiii’i’ 

I nil ill liSiHiat’ t llllliiqna'all’ lU'ltfMpJf* 

■ Ml III till Hun .111 alt SlaiiMliinl'i ft HA] 

III III .Ilia] Ml tiilliii^'ii III I'lii'iiM ’linn. 

( III >«1 Nl u*. 

(‘illmil .il I'mi'Ii’ iMiiriiiil 
( Im IIII’-i Ii U a a Klifaial 
(111 iiiiki’r /> iniiiL' 

('lla’llll’.l 111 ” liliallililtf 

(aiiii|ita ’4 nii'liM til tiili'iiiMdttin’^ ill 4 tS(’iui(*(f iJi* 
rAimla inn aft h Si inin’i *• 

( Illll|»(a*ll Mlnill’i iK'liaftillnllllllM'i <!(• St'AIICH’il {](' 
* * III .Sim la (•* ift Hliift>|f|i 

(*'iiiip((’«< ninluv ili”! Triiiiiiiv de r.alM>rAtnric 
lit ( arUt • lif 

4 nliiv furKlihiMlii’ Mc’«li/in. 

Iiii’l illiiiivlm IrMlii»liii 

Hi kIiv i'atint 
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V. ('him Sim 
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/ Pht/tntl imlfi 
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f'fiu'ttt'H Inhn 

Phiinn ■/ 

PhnnH /."I 
Phnfm y.mlr h 
Phil J St, 

Phil Maj 

Phil 'fiiin* 

Pmitl .Ihm 
PftH ttivi Sw 

PuhtStn fifi Itnil Mill 


St mil /’<«■ tlo'/ Ihililin 
iV'ir . 


Slmnl Inh Plni^ml 
'/'mil* Chun S M 
Tunis Iht'i Sill K’l.n 
t’S l> t> 1./I lull 

t SP. 

U'nrA os h llitiH 
/.•iImIi (I‘iii/ <‘h m 
/, tin h »n» I 11 i hi HI 

X thih Pi'Ll >11 h III 

y, it<hh >1 0 // iiitii 

y.t if^ A YiiA' ii'i^' II 
/, list h fih i'>iLtil I I III 

y ll*th Slim'li'iUhl 
T nh Ui>* h' 'll /i’ll'/ A /» 

/ •! * S, All 11 >; i> II / 


• •Imtiwi 

Ki^hth lull iiiiitiMiiitl o* (if \|i|ilii iH 111 III 

i-'tn I'liMi’iiliiii'n 
(illtl lt\ Vllllllll II 
III |vi til II CIlllllK ll \i III 
tl'iuiiiii] I'l till \ii|iMiiiii ( lii'inoal '^(MMt} 
•liiiiiiiiil III ihi I h< Mill ill •Sill n U 
.'(Illllllll Ilf ImIS I.I|.'I|I|IIL' 

Iviiiiii.il ■•t till 1(1-1111111 ■'iHiiuiiii; 

•lolllll.lt (|i l')l\ '•l•(l|•’ 

liiiiiii.il ll l'li\»ii iM'lii iiii.iii> 

•loiiiii ll (l« I'hv'io|iii,'ii 11 til I'liilinli.iiii III mil 
•fi.iiiii.il o| ihi I'hv-mil mill (liiiiiKiil .Sn(iit\ 
'■•I Kii<^iit '' 

•I I mi II ll I it till Sm I I \ i.t < III mil III Iiii|iistr\ 

Mill In iliini'i II itHi ill III Koiiij.lii hill Miiiiii.il 
l•Mlllllll;-llllll /)■ (•!>.-- I.ii III! Ill Ml \\i 

Ni III I il.itiiliin ti ii< 1 IMi.iiiii i/i< 

\i«liiN |ii( il.i^ I'l miiiiili J'lu-l■.|>•,•ll (|i • 

Ml ll I III ll mill ill I I liii M 
I'limiii'K • iitn III •loiiiiiiil 
I'liiiiiii i/I iili-i In* ‘/i iliiiu' 

l'll•UIII.I/■ (lll'-l lt> /< lllliltll till 
l'll■ll|■|•lll• loill II ll ol Si II III I 
l')ll|o>M|l|||l III Mll^l/ltl> (III! I..•ll■|..||, I iliii 
liiiijli mill ftiililiii 

I'liil.i'Oiiliii |l lidii ill luni i.| i||i> lli.\III Si.i |i I\ 

■ •I I '■ll■l••|| 

|%i.>.i ihIoiII - .inn ili u ili i I'ln -iK mnl < In inn 

I'll.. o| till I'lii ll Sill II (V 

I'l.Iiiu'.. ot ill!' .Soiiili toi I N|» I inn III I* 

lll'ili /v illid M* (III IlM 

Sinnliiii 1*1.Iiii'> I'l tin lt.i\,i| Itiililm 

Sol ll t V 

•Sk liiil.ii l\ I I li> « \iiliii I'll rii\ |o|•.>l• 

I liUl > ll t lOII'i lit till ( III mil .ll Sin II t i 

I I III ll li'‘ii*> ol tin l\i>i .(I s.ii |i I \ I.t I i||it)iiii_>)| 

I lllllll St.lll- 111 |. II tllll II' o| \.(l(lllll|ll 

liiilli lin^ 

I Mill ■! '^t ill H I'liti nt 
U III III ll I liiill till tti.iiii ll I 

/• il-i liiilt hii .III ill ti-« In < In iMi'', 

/ml ■.! Iiiill lilt nil lu.nnlli I In iim 

/• ll -I liiill till I !• ktioi In inn 

/•It ihiilt hit <1.1^ i;i-iiiiiMi'i Mriiuui <111 

/i it..i liiiti Ini I nt< ('•in Inini' iIm \iIiiuii/« mill 
I .•'llllSNillll ti 1 

/< it-i liiui tiir ]ilii<.ik.ili-( III' tin inn sii.ilm. 
Ill' ii !■' (inil Vi I n iiiil'-< h III -]• III I 
liiili till S|mi(u-iiiilii-tiii 

/ iiti ilMiitt till liio III''' iiinl III I'lu'.i' I .’If 

/.iii-iliiitl I'll ik- «:''-iuiitiiii' Sili'is- mnl 

Sini lll'•.tl•l'li\l‘^-l II 



ALCOHOI 


rinn'KK I 

IMKOIM nnK\ 

''Alcohol." TIk uok) ' .ill oIihI I'Mliyx.il fimn till' VniIik 

til hih I ii.ttiM .uitii)iiiii\ su\iliiilc. ulmli III 

till* roMii (it HI iiii]mI|i.iIi|< |ii>viiIii Ii.i^ Imiiii linjiiiMMl Ii\ Kilhlrlli 
MIUIICII till d.llki lllll'J IIk Milunu- 111(1 .Tills l llhttim 

I''nl•*lltl■lMl i| in l'/< i.ii I (Will t<Pi iiul .iUk in till* Si I (111(1 liiNik <>f 
Imiil's (|\ ^lOl 

III l•>lll•( «|| llllir |||(> wiitil ( IIIH III ll4‘ (isi i| fill lini' )HIH(|<>IH 

Uiiniii iIIn TIiiis III il4liiiiiMal uiiIiiiL’' u«‘ lilul sin )i (\)ii<’smoiih 

iis 1)|4 .ilidliiil (if Mats ||mivm|i| 4(| iiiiiii, iildilml nf Mllplllir " 

||iii\\ili 14 (I liitiiisiiiiii ) .ind 'll (III I'.iMi l'|s|l^ s|H .iks Ilf iiiitiiiiniiy 
ulnili li.is lii-in (hinaiii iiHn (In .ilmliiil llnil is i((|ii(i>(l to linn 
|iiiU(lii .iinl III 111111(1(111111:: (.iilii tlic sidinnnl ilniinsitril fioili 
uim he niii.iik*- ol i>l /(nt mnutnn 

Kmm III 4(iiii|i.ii.ili\i l\ iiiinIiiii |ili.iiin.i4 \ ‘ airtttml 

Imi 4*1 !<nfini tflitthuli’- ihnn s|||| iliMiitiil <i |Kiuil<’l of IKill 
I'niii.iiiK ilithldii .iliiiliiil ’ iniii4<i(iil 11 (l\(‘ <M si.iiii 111 tin* 
i>'iiii Ilf linr iHiMilii, .Hill .illiiMtnis ,hi\ Iiim |MiU(|ii Kxmtly 
IniM (lir u«iii| 4 inn In Ih i)i|)Iii iI tn tin |iliil iilil.Hiiid flolll MIIK* 
Is inM MIX dilinitiK knnun lli4iiii:li it i' (<is\ (n iiiidrinland liow 
tin I li.Hiu'c |iiiil».(liU 1 .inn .iliunt <'ii(.ii{i nf (In Inn st |hixx(|4>iii 

\xi ir (lilt,inn d 1>\ ... nf Mililiin.ilniii .Hid (In k scinlilniii'n 

nf (Ills |ii(i((••.•. Ill tin* dislilliiii! nl VMiK vxlniiliv (In fnnT nf 
till* XXlin XX.Is mI)(.HI|IiI fll'n ftnin ::in..H I {Ultnlis III.IX xxrll llAVI* 
Slia^lstld I.lllillu' (In* 'pIMl (lie .llinlinl nf Ulllc III fiM't. It 
(|ii4il.itinn finin (^iii ii i (.Hills nixni l*\ Si linili iiiiin f' ^fnritvn 
lUHi altttfhtlf-ilH-* ni4 tiltilmiuhN'* iiidn .ttcs lli.il (In s(ii>n^llii>iiiiif( 
(if sjiiriis (if uiiii lix II4 (Mil atimi xx.i.. alsu lallid ali (iliiiliHUtiiiii 
X*! late .is I77M III Iktiiiiins ' t'liMiiii Ia|i 4 iiiiM'tilalc " {iImiIioI tn 
dnliiind as iiii.iiiiiiL! piiiiiarilx )inxxd4i>. nf tin* tiliisf Inilijity."* 
and SCI ■iinlaiilx .is siiuKs i»f uiin imIMihI In tin* ntiiinnl d(*ttri‘<-*."* 
\iio(}iii sii:rirc..(i(iii *i« that (he |iliiiisc tiHUin olfHtiWtIum,' 
a|>|ili(‘d (n spillt nf xxiiM' ilistillril n\ci |H*lasMiilii < .Hliniiati*, tlir(iU|{h 

' ** I'.iw .xiiM III tcInpriK lit (>^ (Irc'iiiK’ < III iiiiH(r>.' |i (PI. 

' (\iKilt'iii\ ' Mirniiif l> s nf I'haiiiiiH},' 1, l.’7 
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forr thi'i aholml nf 
uiiir we ]MOuli.uh 
I .ill till' .il(.ili/.it<' 
spllll nf Villi' ' 

Early history 

- P.I'X^IIIU fliMII till 

vviml til till iliiiii' 
''IUIIIIimI It In >.||« tn 
'>u that '>|iiiiIii<iun 
llMllk^ ll.l\i> III I M 
IvllilVVIl flnlll tlini IIM 
m III 411 1.11 i’l I 
riMiitdl lii|iii>i- 111 
I Iiiiiiiii; vMiii hill 
.Hill IlKMll Will 
t.iinili.ii III fill Hi- 

I M Ills Ih'llll.ltiMlI 

.1 |i|M at • III li IVI 

Ixrll KllnVVn III 
t III I llllM >( I I IMII 
.( |N||llll III Mil- 

II iniili iMst Hill 
tliiv ht.iv ]iiili>i|i’‘ 
h.ivi lll'•llllMl wiiu 
thus ulil.illllllL' .ih >> 
llill flillll It , lull till 
U'■ll.ll|\ ai 11 |ili <1 III 

Inf Is til.it iIm 

Vialiiaii «III MU U 

wi ir ||m‘ (Ii'I ii\< I1 1' 

III .ill nlliil lliilll UlIH 
1 ) O viiii la|i)i 
hiaiin* has liMMili 
liiiilmilMl that till 
(listi)\(i\ of allohol 
|iiohahl\ toi>k )ilai i 
III hah thi attn !■> 

Ih I|||< hrsl MH'lltlolM i| 
III till hall.in wofk 


* ifii'^'K I ki m 

I'M.*. 2S. .'iM. I 
fh>m Z>il. I'ii;i. 37 . 
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III l> It I III. III., i'll,., (iiiii 1 c I'l uiii (.1 r. oil I |Hi| 

I'' h • 1 • I mini .1 I 1.1 .. ]..(,• Im ihi i« 

• .ii. I t I lik I ml •> III uii.i. I Hill ii.li I liiiii^li 

■ .ill I II ii >1 tiiili • >' I ti ill I I > 11 (I I 1 ■ it<|i iiv I 



I .1 • t M II " I >1111 I S| H I S I t M I.N 

I III f II1 I 1 "■ 1 >■ ■■• 'I i> I III III. 11 i.il.ii iimI Ii* III 

I ii 11 I r|ii 1 * ii III ii< 11(11 III I (I iii.i I itiii III Hill 

j .I tt.lii llii 'll 111« I l•llllU•l . 



t U <■ • II M • III'M >•! sIM I, I si l> IS I'l HI 


liii •lull* .'I I mill II |Hit III 11.^ I Ip I' lit III' «i<li ii.sr 
tl|. ||I|> l|ll••IIBll hIiI It l-I.M. d Wnl'lUl gHlIO I* >llllUfl, 
• • .ifi.iti'i. mHi (III i.'ino V |•■ll lilh 1 kiHi 'iil'l viiilpr 
!• Ill I < I i.'i ih> I'll ti>'l I ii> I >'• tiu !■ I wiiti 11 iv, Hill 
lull rf.l* 4> I "Hiiini'.'r IIm >|iirM \ i|a iir >.>ii>1iiim< ihi 
Hi. I> U«iii Ih* |mii I ills iiil.i IIm gull.l mIi'I liMMm ..|it 





MU)I|C)L 


riiAP 


mI (111 jiiiitli i>i iMilh Hiihiiv \ iiHiihon oi it is also mhI to hi* 
fonial 111 >1 iii.iiiti'>< ii|it III l]i( twilltli Miitiiix fioiii till* 

4 hit r ulti A part 
tioni tills ||imi\ii 
t In I (■ (I ors not 
cippcrii to ill* .in\ 
tlllsUlol t)l\ 1 Mlll'IK I* 
oi till piorlin lion of 
.llniliol lnHii WlIll* 
• .ll)l> I III.Ill till tllll 
iMlltll MlltlllN \s 
till* lll't (litlllltr 
Illllll.ltlOll III Itlli'lol 
ipioli s innii M III i|s 

(;ii..|. Itnnl. Ill 

I III s I nil tliixl o| 
|||'■tlllln•r 'iiitu onh 
lioin ,1 111 II k aiiir 

lliii k .mil oM Tills 
lion k 111 st ,i 1 I s 
■ Miiiil not III ot I .itln 1 
il.ili ill.Ill l.'iiii 

Tlirir Is lilfli lioiilit ImwiVii tli.it lihlilli il .ili oliolii liiMi.i'jis 
li.iil Im‘ 1'11 oil! mil'll liiiMi iii.iliMiU oilni ili.m Minr it .i piiiiid 

r. ll .mlilloi In tlil^ \ 
nimiliri n| i\mipli' Iiim 
liri II inlliiliii Ii\ r 
l'\l 11 1 1‘\ ' h n i| II nt I ' 
lllN’Ill I s lllslnlli' ill 
I'llllllli , ' Moll Mnnil . Ill 
I'lni.iliiiL* l.itpioi^ ’ ,ini| 

s. lliniis ntlii I Mniks <1- Ills 
(llltlloMlli s Thus .1(1 ii I 
ilislilli it iinin (nililx h 
liM'ii known in Imli.i '-wu v 
at liMsi siMi III ,inil III 
ri'Nlnii tinin mill mi- 
imMIlolMl ' 'IihIiU list If 
Is ii 11'l turnt«(i Iii|imi 
oldainut hoiii luraiitl van 
on paliiis In ( Inn i. itir 
itiilk'l ami otlii t uMiiis Ml 111 

' lii.i'. ' I'hi;. 30 . SU 4 / /• 1 1*1117 IJ .iVi 



IM'I \ 

11). Oil i> ■ I I ii,i r • till). iiu itt . r »■<( it III' 
< I. I . I U|l|l ■•lilt. I* ' I |l.|MI.| t|..lll 1 111. I I H 

I I l.llll) l|l linn |.ll . ) III I Im.’i III tin ^1 llll'l 
III I In ll III t '‘(i III, |, r.„ illi I I., \ |]« lir l< 1 . Ii 

■I • .1 I \ I h> III! I ) I w iti I wliiili run • It 

0)1.1'.lull. mK > iiiiii (III... ■• l. II >.l li (Ilia in'-"« 
•'III l>iii.iik:li III* I iKtr tiiln 






till l« itiM liti il htt III hhfi'i lioiii wliiili .1 ili-ll)li ii'||({ii<ir^ 

simUhiMt v\.iH iiht.iiiiid Imii! .. iIh (IniMi.iii m.i Siiiiil.iih, 

stu'hn u I'* l)l^tlllMi III \ii\ .MM M III tilin'^ l.niii llir uiIIKiiiimm 
M (lllllk lix ji I nil llllll'J llii' 'I’lir 

of iIm 'I'.nt.ii" 111 4 I III III \»i I Hill iIm /• iim <1 I»\ till* ^‘.iih .l'•l.lll'^ 
air iIk* li'i Miuilt li milk III I'l III > imlotliii iniiiiil* .iii<lli.i\i Imni 
Mi\ aiiiiiiit Inui-' xmIiImI iImiIIhI liiinoi- kiiii\ui n'ju iitui !\ 

.I'l ii/i/'/mill o//!"/' Ill lliix • Hiiiil 1 \ l.ilii'iii I 4iiiiji JmiiI III liic 



I Kt' II I >. I> 1 -I I l> .. • I* I ■ 

-i\tli Miiliin *> 111 . (Ill |ii.ii I ' "I iIi'IiIImI iiii.mI mi iIh Mi.kI 
>1111:.' 

M. 1.1 .Il nil..I I pi II 1. 

Il I III.I \ I • < M iIm |. 

\\ It II i< *')•> I Mil I III Imui 11 I It I • Hiih I III .H ( lilt 'I ili< Mil 
l^ K u.inii <1 )>\ -*iun< >1 iii<l II** a^ I jiiiiiK m\iliii il |iM-iiiiaLf> himI 
()m \ (iiiis|ilri iiiiii\ oltlii |iiM III- Ml tin iSoiik Ilf *1 alii -III * tolii* 
i>f iiHK II lati I d 111 than (III -i\th «* litui ^ 

l)i-lill.iti<*ii I- -I'ldMiii nfiiiiil til hs ftfiik III liiiiiiiii wiititH 
I|m\m\ii -t.iliill it - 1.1 u ill 1 I III li« Il iidi II il |Hifahl<‘ 
h\ di-ti]|alii>ii HiiH^and ntlnr )ii|iiid' i in In -iihmilt«>l to tin* 
Kami* |it(>H — \ftiil)iM lini In ■ n ■ miM iti d ititn lininid ia|nMir< 
thi\ rrtiliii to liijiiid- Ihil if fl|i-i \iiu- iif \ii‘|nllr «iH* 
<i|i|>li«‘d III |irattiir |1 uai a|i|>.irt iilh doiii Ni* iiidii 

* uiuh-J-l, III* II, >)i«p n 
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AT/H)IIOL 


CHAP. 


alHmt 14H Ilf iiugitioiiN n.ilrr (lintillfd fnuii n)M«s in an .iinbix '* 
* thK rmiiu' Im'iii^ tin* (•KK'k uonl u)ih‘|i, uitli (lir Ariil» pndix 
nl," uiK'H (Mil \wimI ' Hlcmhi( ' ('oiulciMti}; ]i|»]KualiM it* 
Maul to liaM' been invcnlfd .tiid ii'icd at \l(‘\andiia (‘urlx a<« 
tin tii-«t (ciiliiiv ol till t'liii<<liai) ('la Thi' Inst ovai'l di sciiptioii 
of KiiiMinitii^ lot distillation in tlii<> pail of tlii' Morlil, li(m<‘\i‘r, is 
^ivi'ii b\ /osiMiUs ol Mi'xaiidiia, in llic foiiitli mitiirv A Iii;iim' 
of tin* :il< iiibii^' and k (• ivci dcsdilH'd \t\ Zosimiis and s.ud to have 
Ihi'M (‘opit'd fioin the ainii'iit ti'inph* of Meinpliis. is p\en in 
Kairle>'s aitiiles,' an^ l** ii'i^odiiee I lieie, uilli H'xi'ral otlieis 
Von lappinarin* «onteinK that altlioii!:li distillation ap(wiratn'« 
nas kiiovtti to the ilieiK ah heiiiKl'’ in Mi'xandiia :i'> eaik as the 
tirst ('(‘nlnn \ i>. tin i<‘uas\riv hith ptoiriess ^.liimnin eondi'iisiiiL' 
tin* Mipoiit until the sixth oi se\ent)i (entiiiv. so that the pr(Hlin 
tioii of lirpiids uitli lou hoiliiiir |M»iilts aas miptai tieahh' It is 
trill' thill at that peiiiMl an " aipia Ml.e " uas knouii hut aei (adine 
to voii lappnianii this uas not spin! of unit . it u.is an ainniit 
Kux ptian ' I lixir of life'' Kveii .w tat ‘ as tin'xeai 112(1 \1 Klia/ini 
I'XpiessK dulati'd that olixi oil uas the spnitnalk ImhiesI Inpiid 
kiiouii 'Phis uoiild not houever exr liidt'ah ohol of odto d(l pi r 
cent stieimtii 

\loiiialie heihs uete linn h iiserl in \tah phat in.n \ and a pio(is>- 

tol distilllin; ualel ftom sin h lieihs ilrsc i|hei| III uiitinosattllhiited 
lotiVlH'r piohahK ahoiil Ihei nd ol the ninth (eiihiii uliilst lali i 
a ph\si«''n ol 1 \mi|ov<i Mlnnasis i;a\e an (‘\a( t ih iiptioii <»l .1 
dislilhilioii appaiatiis .is appliid in the piepai.itnui of ni dKine-, 
uhleh inai peili.ips hive niiliiihd spiiils of uiiii III aiu lasi* 
tounids the end i»f the thiitienlh lentuix rn/'o/ tnii hail anpiiied 
the reputation ot a \alnahle niednine In llaK it uas sold as a 
^('neial heiil all ahoiil the mmi l2r»o and in inoie noiihi'in (oiintius 
ahiMlt Mtlll linh'ed foi sunie uiiliiiies this inedn iiial ilsi' uas the 
ehief applieatlon of llie spmt oht mud fioiil uiin* 'I'lie kriouhdtfe 
of It uas spread into I'laine and ahiiud h\ \Miaiiil de \illeneii\<‘ 
{ \riio1d of \ ilia \oxak l'n\ inond laill\ and otlu'is The pioeesse^ 
ueix' nfteii ki'pt siniet iiinh'r s(<>en* penalties m the hands of the 
priests or ot leliuioiis oid'Us 
Wootton* puts the ni.itti'i llnis 

“ Mhinnsis a Spanish \ia)i of the eh'xeiith eeiiiiiix is supposed 
from Millie ohsiiiii' I'.xpiissioiis III Ills uiitiiii's to luM' knouii hou 
to make a spiiit lioin uiiu' hut \inold of \ ilia Xo\a uho uiote 
111 the kiltei pail of the lliiih'iiitli (liitiiiv is the first explieitlv 

f hon y. (f. mii, 36 , bV* 

( Ai(m (•/ I'lminKH ■/. 1, !iJ!) 
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fNTROm’CnJRY 


t<» n*U'T Id It lli> <l4N>s nnf iiitniMfi' that Ih'JiikI diM'ovoml it 
hiinsclf. hut 111* np|NMi> to tiiMt it a>i Munothinir uuii|Niri\ti\cI;i^ 
IK'H itfWI nni I- uImI Ilt> i.llk it hut snilll' IMIIM* it 1)0 
ntliiii ritu and irnldni uiitci If is xxll cdliti of Ilfo. 

in Sll\^ liruniso it '•ti<’iiL'lli«ii'« thi' lioiU aii<l |iioli>iit^< lift* lie 
dlstiliiHl lirilis uilh It Midi .ts lOMMii.iiv •itiil Miur and hi^ld\ roin- 
imiuhvl the iiiHhi in.d Mitiio of tiiidiihs , 

U'hali'M ‘1 i)i.)\ hr tlir fail" O'- to thr railirot luriHioii ol flistdlinl 
ahohol oii(‘ lliini; is di.il Hllr irMirnitioii o| duilio) an a 4 01 )* 
stitil4‘Mt 4>f all f4'tiiirntrd hr\(i,mi‘s sudi ,is ^ uu* lari. 1)1)41 moHd 
di‘|M>n4|(d i«n tl)4 |Mis>.di)ht\ <it sr|i,iil|iiitr u .m,! ft»tl«mri| u|h>ii 
till* iiii)ii4*\rnii Ills in iliMillaiitiM <'tlii1rd l•\•tlll‘ \lr\.infliiill)H 
\s .dn>:id\ niilK.ilid, tlir ii-r of i(di\ili.itiiii> .ii;4iirs in 4>hlainili^ 
slionL'ti s|Miil tioni ai.dvii lus Ion;; Iim ii jii.iitiMd flu* inriliwd 
Uiis t4) I’.imiioimI latIK mil to li.istl N.diaitinr hIhi hotli 

iliMiihr tlir Mii|ilo\ nil III o| laiiiiiiit tail.ii ({lolassiuiii <aihonaf4‘) 
fill thr |)Ui|io<«r It Is liiti II •lint'to Iiotr |li\irM of ||ir llii|)ortl)l)<‘<« 
oi all iiliol in iniilii ini' th'it Lull) \nf\\s i\ nuisohfitt ultimi ttnfMaiM 
hnwini (Mliri naiiiis uliidi (hr ’^iihstaiiii li.is m'mim’iI at olio 
tnni* oi aaoihri air lufht !//'/»/»> uhi lujuti ntn nrun, 

anil tnfihihilis |.iil)\ iiidiiii uavs (jiiainlK rntliiiHi 

.istii ahoiii Ills tiadiit Niiiolil^ iitiuft I till It IS ' nf inatvi'vloiiK 
llsr .Did roiinniMllllr a llltli lif«>li l)ir JuMlinr ii| h.Htlr til styro 
.ind 4 rn 0111 . 11 : 1 * (In -i»liliiis iniiiil' I'hi* taoti* ol it r\iri‘dr(h 

dl otiiii t.isti •K .'I'ld (In siiK II ill nthii '>1111 lls hr s.n> \;;iill)st 
(Ills l)\ v\.i\ nlioiitr.i't Ml iii.i’ |iiit ■'sh.da *>|H ii< s|ni<s ' dthoii 
iii\|sihlr spnil ol Mini il (lioii liiist no ii'iiiii to In* klHOili h) lot 
11 s I .dl tlii'r iIi-mI {OtfjiUn \* 1 II Si cm* !! 1 

\s f4*i;aiiis till* 4 •iil\ ii*>i'of .di olio] 111 tliisioiinti) nsi|ii4‘hiicli< 
a s|ii|ll III iiatur nii;:iii Is st.itid h) Si .iiishili k ' tiioil^ll till* 
aiitlnaitN is not ::i\ii) to havi him |a4ihahl\ inaniifiiitiilial ji) 
Irrlanil .dioiit IliHi t n Ih.miK aiioiilinr to ihi* saiiir urifor 
ina\ havi* hi'i n n'li'iMil tioiii Frann as i.oh .is (hi* turlfth or 
thiiti'i'iith irntiiM hut tin larliist tM)st\\oith\ nii'iitioii of hpint 
im)Hirts IS of aiiadv • liiiiaia ) hi«ii);:lil to South liritnm by 
thnoi'sr )nri<hauls in tin* liftn'iith iriiliirs TIm iti'in "to 11 
uoiniiii for hrinj;in)( w/wa nlti. Hi h/ omiis in an hii'ouiiI of tiu* 
])n\ V piiisf' 4‘\))4ns4'> of IImiiv \ II Ihstillinif had Ikhodm* known 
11 ) thr Knjihsli nii'nasli'tii s and .alxihol li}.'in4 4l in (In ]4liarnia> 
4‘0|Hi‘)as of (hr fNiioil as .1 stniiiilunt anil unatiti ajfiiit in dlM'iiM* 
Hv loliit aliohot foiiniHl a T4'<o(!nis(d aitiili* of Kntthsli dii't 
‘\S|)\ril4's of (hi* liutlrM uas a loiniiioii phraM* lor hpirit .1 of 
■ "S|iiri( p *17 



AUttHOL 


CHAP 


HUH* whif li Aii»< to US ‘ tilliifixiiof ualit atu]"\iutir 

•of lijf " 

Alioliol h.iti- till II iiiIhhIiiii'iI into Si'olluiiil fioiii In'Iniiil 
III the tui Iftli (I'lilim ImiI till ii‘ .i|>|M‘iiis to Ih> no iiioof of its iiuniu- 
fiii-tiiif lln-iv till to«.iii|s till- I'liil of llir liftoi'iilh iiiitui\ Till- 
i‘iirlii‘st lift inn I so fui tiinnl in mis iii tin* Siotlisli ICm In i|nn 
I’olUJor tin MMi It'll .■> nlini '.1 int.iin liMi, Itiolln i ‘lohii ('oi. 
IS iliiiftisMo lin sM|i|>lnil uith iii'hl holls ol in.ill wl j'li ii iiiliim 
ittimrih for tin- iisi- of llm Scotlisli kiiii; ‘ In I I'lS, ilm kiii!.' 
■Iiniins IV iii.ikini' rffloni iJ Ins ilonniin.iis fill ill ut Dinnlis' ,iinl 
a liarlHM siiiu'ion i.illnl in f.i In.il Inin |iii-i iilnil .iliolml llnnn 
III till' aiioiinis olitlii' IahiI IIiiiIi 'rii.isiin i ol Siolknnl tin' iiiln 
iHS'ins ■ Ihni III llii lulllxilll lllill hiixhl miihinli hi llii /on; in 
ikiHih'til till timii^ itinninni* I \ ihilfitn/^ 

III lln- ..I III! Tiiiliii kiln's Smlili nhiski nlil.iiinil .1 1 on 

Miln.ilili' ll■|llll,ll|n|l III KiiL'I.niil 'I In Ml I liiiu.iiil llin kiionlnli'i 

anil iiiiii-lni' ol ilisiilkilion I.. ni.nlinilli innii unli s)iii-,iil 

anil i'MiiIii.iIK tlir ni.iinil.n Inn ol s|ini|s ,illi n liil tin .illinlnni 
of till' 111X11,11111111 It Mils III ilnr Inin Inoii'.'lil innii 1 oMn ml 

Hi’iiitinx. anil iimiln .1 soin.I ninini li\ iin .nis ol liuinis anil 

nxnsi' iliilii's 

(If till- siilisi'i|nnil lainlinnks in Ilir lii'lon ol .ilmliol |iioilin 

Inin, un max iioir linn llin ..I ilis|il|,i|nin mill iliinl 

Htn.ini lix Sir \ I’liiin .il I'mk ni Is.'.' Min li innn nii|Hiii,nil 
lioiinin n,is llm nilioilin Inni ol ilm ' |i,ilnil 01 I'olli \ still 
li,\ innaiis of ulinli il lini,iiiin possililn to |iioilnin .iliolml of Inali 

sti(n|;lli .I |anil\ .it ,1 siin.'In ilistilkitnni. 1,11 inil on ,is ,1 ,011 

Iniuoiis jiiiHnss This still mis mil nil'll In \i in ,is t'ollni 111 I Ml I 
anil lailnnlnil in |S.'I2 

Composition of alcohol. \s |M tlif (jiii Mii>n \\ li.it j-> 

«lln>llol * (lirif U.'is IIIOIC m |r^^ sjift iil.itlini liiiiinu' tin* h iriiln iil)i 

ntiH n^liliviilhirnliitir- Itut it Uti-s nut till Ioh.ikU thiM li>sr dt (hr 
InttiT intiihI lli.il iimili \\a^ (l«>tinit<'l\ pio\<<| St.ilit (ItitUt I7:U) 
n'jmnlt'fl nlroliol u \(>iv atlrinmtnl ml unitnl h\ an and 

ft larp’r t|uaiiti(\ nf waliM than xias |>h‘'sriit in ordinal\ mU 
Kuncki’l, ImucMT (ItilM) l7ti*Jl, I'xrollnil ir.is'iint win il 

CAiiitnt In‘ an ml It niivs with uatcr. docx not dissoKc sulpliur, 
and dn(*^ not fmm a soa|) with alkali 
AiiotlitT \u*M (•Iniikri) was that aholiol lonsisiitl of pliloitHtoii 
uilitiMl hiin|il\ with watti tiina' it was finiiid that onh wattr wan 
priNltiml wln*u almhol was hiiint IkM'rha.ni* also (17.77) lonnd 
that tic laotliKt of coinhiistion was piitx' water NV>i'ithoh*s.v the 
' SvAriAl»rii k, toe eil, |i 4tt 



INTKOIM rrnits 


oil kIiM ntlll ||,||| Jls I 

tin* oiI\ [Mit nf uitii Init Mii-hci) \t\ till* III III sails Ilf till' wiifr 
Mui'ijiin- j»i\cs Uiili \irws lint ,i(|ii|iis (h.it i»f piiii* |i)iloi;t"ton 
uillioiit nil ||( luiidiK iiL'aiiis till' i>i)i iisiiiiii' Irtl will'll 
illcoliol (of uiiir) «‘\ii|HiMii>s as .in iiii)iiiiit\ nl On- aluihol 

III l‘oiih'n>N s Tniiti th f'hnttn { la II th h A'c// nA/h/iu) atiii(h<*i 
i|iii*stion Is rai*'i’fl Oois .iIiiiIidI pii i \is| m wmi* m is il^fmitii'il 
(tiiiiiii; tin* lioiliiii; wlnii wim is ili^iillul ' 'Ihr autlim Vitinatrs 
tihit tin* foiiiiii Ml w wa'' lli.il III III l>\ llii nlili I 1 III mists. tin* 
iiioir iiiiMlnn I oii-«ii|i M il^ III il ' vMiii' I (iiiiaiiM'il two 

|>l Nil I||||‘S |r«]Hitl\i|> I li II li li iVi f| ll\ (1} IiIIkIi llVilmp'll, 
•Mill (n) \i'i\ liitir lailioii iinl llial diiMiit' ilislillalimi nf tlir 
W IIK* till SIM nilllMin || (n (ill III liiulint In | MMl liiifliMi |''nMII|nM' 

iin lnn<;i i sii|i|hm I > Ml In i I In . l•|lllll>l i m I In mil linm \ Mr |n|>aii|s 
.ilinliiil ,is a innihni «■( tin ii inn nl itimi nt >>iilmi mIiiiIi lias Im‘i>m 
ndm id In .1 nniiili t 1 , im 

Lavoisier's analysis. ii w.i* l.um.i. 1 .an.iKsisni aliniinl 

I'l I7S| su|ip|< iin till d li\ di Stii"iiii aiiiKn' (|SII7 |SI‘{) 
wliii Ii SI Mil i| lln ijiii-.tiiii >)( tin < niii|Mi-.i|imi nl ,ili nlml laiMiisiri 
whnsi' ntlni n ..i iiiln' hid ill ]in«Ml nf tin |lllln■•lotnii tli(‘n|\. 
fnlindllllt I III n| |i|||f III VMIII \|||||| 1 nil I iiIIiImIsI lull 


('lit l.llll 

(lin. 

1 

(•III 

1 

<•1' 

A 

lull iiiiiii iMi 1 1 In III. «ii 1 

1 


U.il> 1 , i> nl\ lot III. <1 

in 

1 

••1 


lln .iii.il\'>i- wa- ni tdi li\ Im iiiii^ ali nlinl m i IhIIj.ii tillid 
willi nw^in and iilmd omi iiiiiiiii\ and 1'•tiMMliiii.' Ilir i.iilinti 
di<i\idi Iniiind and lln ijiiintilx n| n\v<<in inM'*iinMd l..i\nisii>r 
i<i;aidtd tlii' ll•>llll'' is indn iliii;' 1)1 it almlint wa-' .1 1 niii|Mtiiiid nf 
1.11 Ihiii .iiid Indmi'i n miiii d with n .id\ tm an d uali: 'Dir fi^nitcK 
indK.itr nfiniiisi an a<|m nils al< nlinl \m nidili;; In I' t•lmlllud.* 
if un l> avi' .isi({i ||]i wat< 1 .iial 1 al< tilal' I hr 1 .n hi in ami li\ 111(11^*11 
lM't< (niai!i s ihr K'lilt ^ .71 S 7 pi 1 i m nf i.iilmn ami lIKU! {nt 
((‘ lit nf liwlmm n as (niii|>ai((l with Ihr tiMnntn.d <jiian 1 i 1 i<‘n 
72 17 and l.‘tii| )n 1 inil m-^jhiIimK 

IhsiiissifiLf the ifsidts HI l 7 M.‘t LiMiisiir 1 nmlinhsl thut tlu* 
cnrhoii mid ludinUMl iniitiiimd in .ihniinl air iinl pirsrnt ill tlif* 
fniiii of ml thr\ .iir (oiiiliimd mill snih .1 piojinihmi nf 
ns imikrs fhi iii »n|ii^ilr m u.ili 1 

\ innn* ddiniii ptnnf ih.il n>\L'<ii i** n H>ii'<ti|iirNl of ahnhol 

' IT.-.t i Ih I .1. . IT7'» * * I■|llln oiihn .. 

* ' Trinl«* dr ln^til]< iif, ' Vul III lh' ipitinhln • .itii—fil mi iiiMlini 
lij{tirrH Af..* ipirii IM ('aiIahi. I lU i7s»fiiniin, If vdr'v* "• <1^ 1 JJ 1 KfHriiH 
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c«in« fttn from clc> ^uiuun'. wbo took up thn ntudy in 1807-1813 
, Ho madp analyHOii by varioim mcthodti, including LavoiBicr'a 
cnmbiHtion |)nK'niii, dccnmponition in a eudiometer, and finally 
by a prornw of jnwng tho alcohol through a tulic heated to ted- 
ncw. U)a'itz had mennnhilo (1700) ahown bow a atrong alrohtd 
could lie obtained by trealnirnt of n-ctified apirit of wine with 
freahly^hcatcd jiotaiiaiuni carimnate, ao that de Sanaaure could 
work with a much Icaa aqiicraia product tlian waa at liUroiaier'a 
diapiwal the rcaulta obtained with hia rcil-hot tula- experi- 

mdhta, he deduced tlu/eomp^ition of alcohol to be ‘— 

Carbon ... . TiT-.W |»r ctail. 

Oiyaeu * !l) 47 

Hyijnigrti 13 OB 

The KnaiyKM Ih iioUhly h'm exact than liiivoisicr'H ns n^ganU 

carhcin and hydiNigen. 
)Mit nK»n' (^unplcte in 
n'Hpoct of oxygen »Suh- 
Hcs|iient AiialyM's l>y 
(luy - Luhimc. ]>uinaH, 
and Boulliiy cHtAhliahcd 
the coni|)Ohition tnon* 
prcidacly 

Synthesis of 
alcohol. 'Ilie lirat 

chemical ayntlieaia of 
alcohol baa generally 
laen attributed to 
BiTlhcbit. who. Ill Itket, 
obtained it from ole- 
lliint gna by aliaorbing 
this gaa in aulpliunc 
aeid, diluting the pni- 
Fiii. 10.—HR. TUoMia wiuiH, ]||2I-Iii;s duct, and diatilling it 

Meldolahaa ahown. how- 
eirer, tiiat our own eoiintcy man, Heniy Ifennell. hail auerenleil in 
effecting thia ayntheaia aomc twcnty^iix yTOia previoualy In a paper 
commnnieated to the Royal Soeiety in 1827, Hennell iiidieatca that 
he had identified aiilphovinir arid (ethy I aulphnric acid) in a quantity 
' of aulphune aeid given liim by Faraday, whieh,lind abaorbed eighty 
times ita vidume of oleltant gaa; and in a anbaequent paper (1828) 
he describes how he had distilled sulphorinic acid with water and 
a Httio Bul]diurir arid, and proved that it was decomposed into 
^ snlphuric acid and alcohol Sineo alcohol ia a product of living 
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orguiums, Holdok rhima tor Hernirll a pkrr.nnt Infctiof (0 that 
of WShler(who aynthnianl iiroa in thp aamp year, JS28), “ aa 
being among the firat to pmilni-p an nrganir <‘niu)aaind iiulp)ipnilrntly 
of thp living organiain Alcohol waa not. hoacvcr, at. that time 
nganint aa a vital pnaluct in the aanic ncnM- aa urea wnf, anil henee 
Hcnnell'a aehierement did not attraet the aaine attention aa did 
the ayntheaia of urea i 

Tt ia. however, on the biological or bio 'liciiiii al qyei^iona arbdng 
out of thu atudy of alcoholic ferment itioii tint the moat iiitenating 
and important rcanlt^ 
have accrued With a 
brief hiatoricul outline 
find a general iiidiciitioii 
ot these n-sults and their 
Mgnificancc we may 
htiv cbiM' tliiK nilro- 
ductory hketili of our 

sullJIS't 

Fermentation. - 

Although the jiroduction 
of apints fnmi gram nae 
kiion D in Kurojic aa early, 

|H'rlia|is ns tlie elcvelitli 
or taclftli century, and 
fcrnieiitnl liipiors have 
liis'll iisisl aiiiee the 
dawn of history, only 
\er\ vague and general 
idi*na were jirevaleiit aa 
to the nature of the 
fermrntalmn ima-cha To 
the alcheniista. iilmoat 
any action bctwis>n two 
aiihatancea, eapecially when gassias evolved, forineil a ‘ fermenta¬ 
tion *' 

Ip the aeventcenth cimlury, Willia'a view of femientathm TO 
current (1659) A ferment ia a bixly in a atatc of decomiioeitiim, 
with energetic motion of ita particlca; thin motion it can impart 
to another bod.v wligb ia capable of fermcntalioti Thia view Wta 
upheld by Stahl (1697), according to wlioae o)iiniffli fermentation 
was a matter of the decompoidtion of a fermentable body into ita 

• " The Oirauicel Synthmia nl Vital I’rialiicta,” !>. I- See abo a datallad 
diKUMon in J- ifoe. Vhtm* Ind,, lOlOi Ite 737e 


% 
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uliiciv n'-romhitiifl in a ilifTrrrnt itiAiiniT to 
^nii 11 PW For i‘xuin|ili% mi^r inifslit thuA Uc flm- 

iritPf'rat4*r{ into iIh (otiNtjlii<>nl |MitlN’li‘h. niicl Uipsp thpn rt'-uiiitHl 
to form nlcohol A l)«Mly in Mirli ii 'itato of intiTiml motion ftfl thnt 
Mii}»|N»K'(l In^ Willis (otiM (‘oiiiiiiiiiiK <it(‘ lilts motion to niiotlipr inhuli 
UAH itHplf (it rest, jirovidod thnt tho lattor ImkIv \ias oiip fittis! for 
tlip (‘hitri^p. TIitH WHS i'\|)1.iiiip(I tlic |in))i.i^ii(ioii of fpriiirnlation 
from onf' luijild to uiiotlipr 

Townidn tli<‘ nid ol thr hcxcntpi'ritli (rntiiry, la'rinirnlioc'k. uith 
n fioiiH'-niadi* mirroMs^M' of latt diaiiH'tPis ]»ou(t. found 

that MsiHt uiih (oM)|N>scd of siiiall round oi oial iiaitirlfs Mp 
dpHcrilxsi tiu'si* III IcftoiN to tin* Ro\al Sim ipIn (MlKn) and nia\ tliiiH 
In* Hind to liiivi* laid tin* foundation of nspaii Iks on fpi incut.it ion 


hymcniH of the nii(itiMn)ic 



Kill Ii .ttSTCS VOH 1,11 Ml., 

IMI 3 IK 7 :l 


The fiiitlicr ii-M* of this insliiiiiiciit 
in hiH li ii'scaM lio iiii};lit Im\c <nl 
short ni.iii\ lontnncisirs diiriiii' 
the next I (‘lit III V .ind .1 li.ilf, hut it 
np|K>ars to Ii.im* heen nri;lrctcd 
IhNinar.icics in ISiMI found lh.it .( 
film taivcn liom Imci mih (oinpoMd* 
ol cloii^atcri (I IIskIiiiIi Iicdcsii;n.itcd 
Mi/rtuhimavtHn'>nr It i> no| ilcar 
houcici th.it he liMiked u|>oii thcM' 
.IS fernient.ilne a^O'iit> 

Nan Melinoiit s deMoeiii's (l<ilS| 
lliat 111 feiineiil.ilion a fias as nell 
as alcohol u.is iiniihiecsi and th.it 
a ferment n.is iicss'ssiis toslait the* 


proirsH, ueie iin|Mirtant sle|H in the (‘liieid.ition of ferineiitalion 
|»h(ilom(‘im So also w.w the idrntilieation }>\ M.iellride (174)1) of 
the ^ns m ((uestion as llhiikV ‘'fixed an'' (eaihon dioxide) 
Cnvendhli (ITIK!) found that the |)ro|N>rtiou of tins ‘ fixcslair' 
yiehhsl hy Mi^^ar on ferinentatioii uiis Ti? ]N*r cent , and 
IjaroUier hIioucsI In iiiimeioiis experinu'iits that Himar vas 
(imimportisl Almost (|uaiititativel;^ into aleohol and carbon 
dioxide ^ 

The ninetismth mitnry hnai^ht forth the famoiiH M'lentifle 
contmverHy betMmi Pasteur and laehipr an to the of fermeiita* 
tion: and it bnaight also the definite ndtlenjent of the (pieslion. 
Hitherto the phenomenon had Insui n*g(U<lnl as essentially u 
chemical one , \east uas a ehemieal n*u|C('id. not a living; or/;iinism. 
Kvrn in IHlt). (luy-Ltinsae, diHCUsHing the roHeandies of laivoiaier, 
* ^huiientairo de 01111110,*' 1703 . 


INTRODDCrORy 


IS 


Ptibmiii. and Thfiiunl, tn-atH tin* inutttT oKhcntially from tho 
(*h(*inii‘nl jwmt «)f virw Ft had Imvii tacitly aWimil that fcriiiontiy 
tiun can begin niul rtnitiiiiic without tho lud of ougni (Jiiy huaaao. 
hoHOMT, eonsidoiX'd tiint ox\gcii nas ivrtainK luvtrsan. aiiui* 
giajM* jiiiiT ])r<'ser\(*d In lu^it in cIommI bnttli'H began to ferineiit at 
once uhoii (>\|Minod to tho air. hut shi‘aoil no fomentation in 
ahsonoo o 1 air That tin* air contaiiuxl Ii\iiii> oigaiiiMiis oii|Niblo 
of M'tting ii|> tho formontatioii uus not ap|iaron(t;i. Mis|N‘otiM 

Tho iimiosoo|M*. howoxor. proM'iitl.t tliix^n furtluT light on the 
prohloin 111 ls:hi, (\i(;niai<l'Litoui‘ in'ogiiiM'd that mnihI waa a 
liMinr oigfinisin lopiiHhicod In laid^ng. .ind ])iolmhl\ a ]>hint . 
aloolioho foinioiil.i- 

tiOII U.ls lookod IIJHHl 
as duo to Us \oi!ot<i- 
t I V a I 1 I \ 11 \ 

Kiit/iiiL' ol Noid- 
liauson aiii\(‘d at 
tho SlIlH* losiih 
M'fist Is not a <lioiiii 
<iil < oiiipoiiiKl. hut a 
\oL^tahii* oiiraiiisiii 
Also Si hw aim ^ 
about tho s.uii(‘ 
tiiiii* (Ih;I7) o.iiiio 
In a siiiiilai ion 
< liiMoM liniii o\pi‘ii- 
inonts on hi atod an 
and hoili'il hi|iiids 
ooiilirinod In suh' 
soquont nil( ro- 
Mopioal oxaiiiiiia- 
tioii Tim pin flSIlKi 
I'onrnniHl tho aioiitai) ot Cauniaid laitoiii s ohsf>rvatioriH and 
ih‘diii lions 

Tho MoHM of tho tliiis’ mil iohi opists hoaoxor, wore vort Mlrong],\ 
ooiitostnl In tho iiiiHst distingiiiHhid olioniists of tho la^nixi - 
Roraolius and \on Liohig itoixohiis logaiilisl foiiiioritation ah a 
ontuhtio priMOHs (In laohigHxiou. foimontHanMiimtuhlo nitrogf^h- 
ooiitaimng siiliHtaiioi^H. forinnl b> tlii^ ar lion of air iijKin plant juiooH 
(‘ontiiining .sugar tboso oasih-doi onipimuhlo foniiontH are in a 
ronditioii of i onstAiit dogrudation or d<s*a> . by thoir dotsjiiipOMtion 
a oorros[)onding ohotnioAl motion in im|iart(sl to tho atoniH of the 
> .4nit. Cktm. 2*hy8„ 1838, 8a ‘iOQ * I'ogg Ann., 1837. 41, 184. 
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nig«r; and thun the mtgar is itseU decomposed, with production 
(f alcohol. Thisj it will be Mvn, embodies Stahl's theory. 

A sort of n*(‘on(‘ilmg link'In'twevn the two opposrd vieH’s~>the 
Wtalistie and the eheiiueal -was put foiward by Mitw'herlieh 
(1841). Ho regardoil foiinentiition us prcsluml by a vegetable 
organism {yi*aMt). hut thnuigh a sort of oontact*aetion, not trough 
the vital aotivitit's of the ymt 

By tij^out the iiiiddh* of the century more and more evidence 
had nceiiinuliUefI in favour of the \egi»tKtive nature of yeast, and 
even Boraeliiis had now Intoiiio satistied of this biobig's authf>rit,\. 
hoarver. was \ery great in t||i' Mientilio uorld, and ojiinion was atill 
diviiled lK'twe<>n the vilalwtie atul thi* piirelj eheinieal Uieury of 
fermentation ^ 

Kventualiy. through Pastetii's researehi's. the former view 
pn*vaile<l. Liebig's tlieoiy that jeast arises In the action ot 
atmnH|iherie o\yg<‘ii on some s]H*eml nitrogenous luiistituent of 
the leniuiiting h<|uid Pasteur dis|irn>(*d by growing a ero)i of 
yeast in a synthidie tultun* iiiediutn eontaining an amnioniuin 
salt as the sole nilnigeiious eonstitueiit. Also he showcil that 
whenever feriiieiitation oi'eum'd there was a siniultaiH'ous growth 
of yeaat in the liquid. Mor(H)\er, alcohol and carbon dioxide were 
not, as Liebig had uhsuiiu.hI, the onl^> prtsliu ts of fermentatusi. 
auecinic acid and glycerol were also pnalueiMl J'asteiir showed 
further, that each kind of fenneiitatioii (ah'oholK*, laetxs butyric, 
etc.) reipiinKl its spt'i'iul kuid of luiero-orgniiism Aleoholu* 
fermeniotiim, he (‘onelutles, is an act coindntefl with ilu* life and 
organisation of the >east-eelis, not with their death and din-av 
Nor is it a inert' eontaet-jihenonienon. for then the transformation 
of the sugar wtnihl take place without anything Iwing either given 
up to tlm ytHMt tir taken awa> fnmi it, whert'as e\|ieriment sliowei^, 
definiU'Iy that soiiiethiiqt was given up to the yeast b} the sugar 
“No fermentation without lile.' was Pasteur's verdict But he 
also said : '* If I am asked in w hat eonsiHlH Hie oheniu'al act whereliy 
tho sugar is deeoiii|Mis(‘d and what is its n*nl eaust*. 1 lejdy tliat I 
am oompletely ignorant of it “ 

T^atcr on, the aphoriHin, " no fermentation without life,” proved 
to be. in strictness, untenable 'Flic idt'a that alcoholic fermenta* 
tkm was due to an enxyine elaborated by the yeast-ndl. and not 
fmmediatNy to the life-jins’CMirs of the indl itai'lf, bad been put 
forward by Traube os early as IS.*!? Licbij^himself liad referred 
to the poRsibility, and Pasteur saw no objection to it ^ No satia- 
factory evidence of this, the true explanation, was, however, forth- 
* 6m Studies on FenMnUtioD,** p. 32? (Englufa editko, 1879), 
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cornhig until towarcla the eloio of the century, when ^tehner, 
M mentioned Inter on, succeeded in Kuppiying the proof. But the 
aphorinm in only too vnde by a ntagt' *' Wilhimt lifo no 
enzymee, and without enayniOH no feriuc^ntatJoii" would be true, 
so far 08 our present knowletlge 

Pasteurs work, however, was lumluuiental, and of^nuch wider 
iiii]K)rt than the settlement of this pnrtieiihir eontioversy. Jt has 
had an outstanding influencH^ u|mhi the de\elopnieiii <ff thej^rewing 
and distilling industro's X(»t only so, it was desthuMi to have a 
far'ri'Aeliitig effeet iiimui the welfaie <»r the wluie human meo, and 
to this uh|MT( of tlie miitirr n few Isolds may iiow' be s|H‘oiaUy 
devolwl ^ 

ill Pasteur was a|i|KiiiitiHl lK‘un <»f tlu' n^wly-established 
FaniU^ iktt Srirnrfs at lalle. iii wliob town distilling hod then 
limmie on iin|ioitiint indiistrx About two years IoUt he was 
consiilti'd b) a distiller, M. Bigo, in ndemiie to eertoin diflieiilties 
and di>a)i|S)iiUnKi)ts tlmt had Ikm'ii iiit*t with ill tho manufacture 
of aleohol fniin beetroot This fortunate eireiimslanei' it was which 
dinM'ttvl the genius and aeumeii of i'asteur to th(s«o stiidKS of 
fotmentation wliieli Iium* heljssi to make hm name ininiortal It 
IS a matter of eoiiiinon knowledgi* that to l^Asteunsduc theexidana* 
tioii of aleoholie fermentation ns a pnarsH iHirrelative with the life 
and orgnnii*Hlioii of the ,\eii8t-eel]. But it is ]K‘rha}M less giMacndiy 
leeogniMHl (hut these * Ktiideh sur la Biero ” and Etud(« sur le 
Viii * and then hubsiHiuent mniilieutioiis and extenaiuns, the 
bouiidaneH of natural M-tciici* have hi‘eii ndvaiieed Ixyond all that 
could have hi'eii foresctMi, and that ini'alciilable bem^fits liavc tberoby 
be<*n eonferred upon liumuiuty. Pasteur s leMearcht's U|)on alcohcdic 
fenneiitatiuii. at first I'oncenuKl with the ‘ maladies” of b(*er,' 
wiiie« and viiu'gar. led direetl^i to (he mon* detinltel> {latliologieal 
mvestigatioiiH of silkworm iliw^ase and anthrax The proed that 
thm; an* buetcrlal ailments was followed hy the production of 
*' vaccines,” and by IhoM* further htuilies of infectious diseascB and 
the nature of imiiiunisatiim which have had mi enormous an intiucmw 
u[ion the dovdopinent of medicine, surgery, and sanitation Pasteur's 
later work was the direct outcome of his researches on alcoholic 
fermentation, it was in large mcoauro rendered jKMsiblo by the 
eipericncc and Ifchniqve acquired in those n‘searc}u*s; and it latlil 
the foundation of the subsc'quent wonderful developments ^hich 
have takra place in tiio sjiheres of (ireventive medicine and hygiene 

Modem surgery, like preventive medicine, is a child of the fmnenta* 
tion industries.”^ 

> Dr. H. T. Brown, J. /ma Brnnny, Iglfl, fll 301. 
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Nor WON thU lOHiiU a tncrf lurky rnrw(*qu<*n(‘C, acridcnU! and 
» ii|u?xpe<'tf‘<l at ail evfiitH, foronaw thr pcimible future 

application of his new idciiN to the etioloj() of mfeetiouM and con- 
tagiouH diM<*iim'i( " Mini hiia it in Iim [Kmcr to eauM* paroaitic 
diHefiMi'H to vaiibth from the lace r»f the earth,*’ lie wrrtte in hU atudira 
of the Hilktioriii diseuii* Me fonsiiw lliw jKMMibility, and he 
lahoiinHl touardn ita attHiiini(>nl , and on the foundutiona which 
ho laid,* tlevcloiKtl uiid cYtenilcd h\ other woikt'rn, the wliolc tnijier' 
HtriK'tim* of riiwlem bacteriology haa Ih'cu <>n‘(‘tMl 

If the abuse of alcohol as a be\era){e has b<rn fraught uitli much 
miNcry to the woild, on tln'fother side of the acfoiint iiiiiy well 
be put the iiidiH|iiitabh‘ aiul nicstiiiiable bcnclits which have accnnsl 
to the liuiiiaii nice thioiigh the icfliictMin or elimination of dihcuae 
by diMsivericH uliu'li had their oiiuiii in tin* stiid> of alcoholic 
leriueiilatioii 

Of the devcIopmentM wliub ha\e msiiin’d sime raateiirV ic> 
fUsirclicH, Ilui’hnei^ aissmiit of ” \lcohotie Keriiientatioii without 
VciMt (sdla," ))iiblUic<l 111 |K07, is (»nc of the oiitatandiiig ‘ 

U ia ao, liocauM' of the cMdciice it nlloisla that h'lnicnUtion is not, 
or ia not lus'caHariM, a ilinsl oiilconie of the vital action of jicant- 
cella, hut rather a dieniKsil aitioii due to an intcimediate, non* 
living jusmIucI ((‘ii/viiie) tird elaboratisl b\ th(> liMiig cell, but 
Kc|)arable fnun it Ihichncr piovisl that jiiui* picbsisl out from 
yt'uat, and contaiiung iioiu* oi t h(‘ cells can induce alcoholic fiTtiieiita • 
tion in iMiliitioiiH ol HUg.ii, and that during the process there is no 
growth of \caM cells in tlnsi^ solutions Kinthcr important Ktiidns^ 
of the en/jiiiMss, leading to Miggestive tlieoiies as to their inode of 
iietion, their iiioln'iilar conespondetiee with the sulislaiieea tlie\ 
net u|Niji (FiM'lier's ha k and ke\ ' analogv’), and their iHsiniig 
u|M)n the nus'haiiism of imniiinisutioii Irom divsiM' (IChrlieh) are 
of wide gi'tu'ral interest, hiit lhe\ iMdongtothedoinainof plnsiology 
rather than to that ot aleohol pioduetion tine fiiither name, 
however, may Im* iih'IiIioiusI hen*. namel\, that of K <’ Ilanw'n. 
who from the ^sir tH7b onwards inx^stigatisl the Iife-history of 
individual ahsihol-priKliieiiig usists, and develo|Hsl the methiNl of 
priKMiring a pun> yeast by cultivation frmn a single molher-eell. 

ILH-nlling the iiiimeroiis dexelopmeiits iii seieius* and iiuliiatry 
which dinsitly or indins'th have followed from the study of aleoholic 
fermentation , reiiieinlHi'iiig their prewuit im|Mirtarin‘. and renliaing 
their implicathins of future ftnigrcss we ma>*justiliahly aequiesoo 
in, and mdcHsl applaud, the reiiinik of the enthusiast: Omfiia 
arim/ia fx certi istd. 


Btr,, 1807 to 1900: voh 39 to 33. 
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(inUNK OF niK of am^ohol 

Tiik oifliiuin ul<f>liot of roniiiKTM^ alcohol) h ohii'tty 

nlMaiiicd l>\ the leinieiitalion ot mmuc foiin of s^ii^ar Ihroufih llip 
action ot \eahl Tla* inav Ik* uln*iHh eMHtcii^ in the rnw 

inateimls cinplo\<*(l. it is so for iiiHtaiue. in gni)M* juice, lu^et 
juuc, and nio|.is>es CMhcr lau niatcrials. hoacNcr, may not 
contain '<uii,ar as smh. or nia\ contain i( in IriMiil ijimiilitu'H only 
Thus in ccrc<ll^ and |)ot.it<M‘s. aliidi an* soni<* of the chief Hourci^H 
ot ah olio) the ulilis.dilc Kiilistanci* is stare h; and in sauduHt or 
wood |iiilp, other soun*es, it is wimnI cellulose* Hut wh<*thrr 
standi oi <‘elliilo>e, the nnile iml must Ik* conveitHi into Mi^ar before 
it can In* feiinenli'ii li\ ><'.ist to |)hNltn*e alcohol 

Standi 111 hot, is (lie soiirce of U\ far the Jatger |Nirt of the* sugar 
fnuii whiih alcohol is e\eiitii.dU ohlaiiied, mid it will be UHi*ful to 
give ioitliMith, 111 a tew words, a pieliminai'y idea «)f the ehi(*f 
OHM'css bv whiih this law nmtenal is eonvi*rted into the litiiMhed 
{tnMliiel The varirais phases of the ojieiatioii will aflerwanla Ih*^ 
dealt with in gn*atei detail 

1*lie stare h\ inale'rial is (list gnainel, and Imate'd with water to 
Ki'latiiiiHe* the Htaredi This feains tlii* ** mash,’* whndi in then 
Hai‘ihatilie‘d h;i ini'aiiH of mall, the <e>nve*ision eif Htanli into Hiigar 
iN'ing effis’ii'fl through the* lution etf an e*n7^Mne*, tliantnw (rirnyf/rar), 
which Is pre‘se*nt in the* malt The* I'esnUing Itepiid ih now ktmw'ti 
an the *^wori**. it is <*sseiitiiillv a solntioti of migar (innltom*) 
with dextrin aiiel ertheT iiigrf*e]ients ohtaini'd fnmi the Hlarehy 
iimti*ruil. 

t^i\e*xt, the* wort m feTinenteHl hy aebliiig yeoHt |iit(hing *'). 
Ab fesult of tin* feTini'ntatieen, the* Niigur m i‘onvert 4 *<l into alcohfJ 
through the nedioii of e*ertaiii othe‘r i‘nx}tiieh (mtlfimc; zyinoMe) 
which art* t>n*M*iit in the* yMiat The fi‘rmented nlcoholie liquid is 
ti*rmeKl the ** wash." Fiimllv. the* wash ih diMiilled to Hcparute the 
alcohol, and the Utter, if necesHary, w subiiequently “ reetified " 
by further distillation to hui li a degree of Htrength and purity sa 
may be deenrcih 
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If mfflMKCH or othf>r HUffur-contniiUDfr mAtori^U in Iming nseil 
* iiMtond of Htan*h. 1 Ih> pn‘liininary xuccharification ntsges «n, of 
oourw*. iiniMt't'Hmiry A M>lution of (ho material is propared to 
(‘oiilain a HuiluhJe proimrtion of nugar. and fimionted direidly. 

Vit now pnK'ii'd to deserihe more fully the inatcrialB and pro- 
eiii|itoy«^|, and (lie prinejpleH underlying the varioua oplU- 

tioiia 

I -MATKKIALS KMIM-OVKI) 

Till* poHHilili* mmimi'h fioiii which aleoliol enn bo obtnim'd are 
very numenniH, Mince any siibMtanei' containing either sugar or 
Htan'li nmy Im* iovmI tor the piir}KM«i* Mor(>o\cr, not only Miigar and 
Htareh, Init noiwl and other celliilose (‘<intAimiig inaterialH an' also 
in iiHc as Moiin’CM ot alcohol, and h\iithe(ic alcohol fioiii hydro- 
earlHins h eniergiiig out of (lie piiiely evpeiinieiilal Htagi* and 
lH*roming. oi pioiniHiig mioii hi beioine, a legiiLii <oinineivlal 
pnalui't 

Sugar and 'ttaidi. however, aie foiaUulTs and they, or the 
Niilmtaiieeh containing them, inav loi (Iin icason Momi'tinics and 
in Home places he Iimi expensive toi list* in making ateiihol Thun 
eomparutively little wheal is eiuploviil lor the pur|KiM(' unywheiv 
PotatiM'H an* v(>iv latgely iiHed on the (Niiitineiit tor making alcohol, 
but ill thiM country seareely at all 'I'liev <oiiim.in<l lieie a higher 
price for ordinary coiiHuniplion than llie diKtillcr will pay lie 
finds inai/.e and moliuwcM more iHonomiMit. m spite of the fait that 
they an* not mdigeiioiiM piiKliii ta. whilst ]M>tiitoeN an* so Moie- 
over, many of the Mui)Htaii<*i*s wiiuh lonlam stHiehi*s and siigarH 
do not eontain a Hiitlieient pio|H>rtioii to make it pmtitalile, m 
normal eir(‘uintitHnci*s, to use them in spiiit tnaniifai tun* 

Hence, m apite of the gn*at number of artah's from which it is 
poMMthle to ohtnin alcohol, (he iiiatciials aetiiallv cmploveil to any 
large extent an* coin|Niru(ively feu Tliev may he gniutasl into 
the following cluMMCs • 

(/i) Stan>h*<‘on(aimng materials 
(6) Sugar-eontaimiig mat(*nals 
(r) (VlliiloNie MuliatniiceM 
(if) Synthetic mAtermla 

A tabular Imtanieal Hummary of the first two c1omm*h will be 
found at the end of thix Mcs'tioii (p 22) 

(tt) Materials containing starch. ■ of thoHe. eerealK and 

(xitaloea are the prinei[ial subatancea ukhI in making aleohoi 
The ehlH ccn*alH employed for the pitr{iose are barley, inaite, 
oats, rice, rye, and wheat. Naturally they vary in their content 
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at stan.-li, and in laqcp diatillrriM thn calmlationa an to j)-irld are 
baw^l U|ion anaI,\KiH of the ai'tiiiil tuiMiidimrntii of (n^in in tAc.' 
The iivi'nipc valucii ni«j bo taken na .i|i|>ro\imatoIv the followiiiK 

SI arch, [m cent. 


|}iuti*y 

.. (10 

Maixtt 


OaUi 


Hioo 

III 

Kyi* 

(l» 

Wliisit 

0."» 

(ifyi*n malt 

• 10 

1 iry irinK 

IlH 


Btfley In iiNiil 111 hii‘^c‘ qii.intUit'N Piir Dialtiii^ aiul in llio milking 
(if |K>iAblo spiritN Ktir iii(liistii.il it^is tiwi o\|N‘nHivo to 

ho iiM<(l hv ilM'lf on •! huge Mali* , 

Wheat, for tlio ’O.iinc UMHai i?, (in|ili)\r(l lo :i rolali^Hv Hinall 
and (liK’llv for spnial On tin* Coiitini'iit, for 

inslaiKo MialltMl ulical is usi<| foi iiiiikiim (loiioxa** N|Mri(, and 
also III hiouing (rrlaiii kimls oi Inst 

Maize IS iisisl lai^ih IhiiIi hi Kiiio|m‘ and in Aniciicii It 
Is so oaMl\ iri'onn in (lie lalfii (oiinfr\. and alandN Nlorago and 
(iiinagr NO urll that It has liin'oini* |>n‘I’niinontls a rau iimli’riul 
for distilliTs' Use 

Oats aiv lather e\lrnsh(>lN ciiiiilo^cd in tins (ountrv. and rye 
Oh till' Continent v\liilpt rice is often elieap eiioiigJi In lie naisl on 
a laiye siali'. heie and iihroad (MIkm' kinds of j;iain uhihI to an 
iiii|K»ifan1 extent an> millet, and sorghum grain or dari. 

Potatoes eontaiii on an avei<ige ahoiii |aT cent of KiaiX'h. the 
aiiuainl ranging iiHiiully from 1 ~> (o 24 |mt (S'lit Thrv are very 
largeU iisisl on the Continent for tin* making of aleoliol In 
(letmiiin. wlieix* aliout eight million ;u‘ies of hind an* devoted to 
potato (ulti\iition, moit* than foiii fillliN of the total nh'ohol 
pnalmisl (H 4 inillioii gallons in IIIKI) in denied lioni |H»lut<M*K, of 
uhu'h Honie •! niilhon tons jitr anariw an* ijmsI for tloK pur|*OM(‘. 
fn UuNHia th(‘ prinei|ad Noun’ea of alcohol arc* )M)tatoe 4 and rye. 

Xot iiiiieh ah'oliol H ]irodu(‘(sl from polatiK'K in Kranee, where 
th(‘ chief ran materials an* migardasd, jiioInHseH, inaiiUN and wine. 
In this country, barlev. (wta, maize nee, and iiiolaNHeH are the 
mam Huhatanit'a used Maize la the prmeifial Hturehy Maim* rtf 
alcohol in the Tnitial iStati^ * 

In the tropica, htan-h jdanto such as cassava (manioc) and amw* 
root arc com|>arable with {Kitatoca as n^ganhi Htarch yiidd, ^nd are 
expected to b(*comc more and more imfiortant aa Miiircca of alcohol. 
Manioc, in fact, is already cmplnyisl to homo extent in Korop* 
for the purpose The cosaava tubers arc about 8 to 10 lb. in weight. 

V 2 
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ALCOHOL 


CHAP 


They oontuin A|iprr»\iniiitely 25 |H*r eent (if Htan^h. ami from 4 to 6 
jSer i*enl of tei iiietilalile Miifsars 

All Hiri' ol >i<'hliii;r a (‘roji ot Ji\(‘ tons of potalivK mil 

furniNit aliout one ton of star<h l•lplt^al('nt to HiO ^allonK of ahaoluta 
alcohol thi'iirctiialls. oi a|)|iio\iiiiati'U KlO ^allona in pmctlro 
Prom haili) anil oats, the uchl ot stai<‘h ]aT ana of hind i.h much 
leas, IviiiK iM'lwcrn oiic-thinl and one halt of tlu* forc^oin}{ ({uantit.> 
Maixc, tahin^ (he aM'rat^c Meld at 27j hiidielN (.‘iti ih) jkt acre, 
and the Htarcli /i/av Mipii at do |S‘i (ciit , \mH pM’ HNHI Ih of 
fcrriiciitalilc mailer tor c'aih aiie An average a<n' of eaHsa\a, 
however, h slated to yield lo tons ot lidMT't, pviiij; ahoiit 5INK) Ih 
ot l•\tra((ahle alaivh.' or iiioie than doiilde the amount olilained 
from an average aeie of polatiM^'s 

(h) Materials containing sugar. \ < onMilinilili' 

4|iiatiiity of alcohol iMililained h\ teniicntiii^ Ihe jiiii e ol sii^ai his'ls. 
In Prance, the ainoiiiit thus itroduced is ahoiil one IhirtI lo one half 
of the total oiilpuf ol alcoliol The hclti i vaiictics ot Ih*cW coiitaiii 
from 12 to Id {nt leiif of leriiientulile sii^ar. hut the hi'els U'H'd 
for fermeutatioii piiiposcs luav Ik. and otteii aiv less ii<h iii su^ar 
lhaii those ciiiploveil tor tael siimii iiianiilailure t'onse(|urull\ 
the ^tield ot ah'ohol v.iiirs <otiMdeialilv. ran^oiiL^ lioiu II to 21 
pdloiis per ton M lotUs The Vield ot toots |mm aiie is iisii.dlv 
fioiii 12 to 20 toiH 

Molasses, holh eaiie and heet, aie another (oiisid^ia)ile sniiin^ 
of ideohol In euiie siii;ai molasses Die total amount ot suiiais 
ealeiilAteil as de.xlioH'. imm^K's tituu alMait 52 to d? per lent , and 
heet'Hii^ar molasM's eontam troiii 4S |o .'i.’l |H>r rent ot siuiose 
11ie theoictiea) vield of alcohol from dc\ltos<* i*. .1! L per cent, 
nml fiom sucntsi* 55N \ h'i cent , aiul the piaclical vichl is ahoiit 
85 |HT cent of ihe llusiiclical in each t.isc One gallon of alisoliilc 
alcohol is ohtaiiiahic iiom 22 ualloiis of (auc molassi*s ol average 
NU|;ar-<smt4 111 57 7 per cimt and s|n'(iIic uiavitv 147, or ftom 
25 );idloiis of heet molasses conlamini; 50 |h‘| (cnt of su^mf It 
hna Ins'ii eutculaOsI that the total rpiantit.v i»f iiUsihol ohtuiiiahle 
from the worlds production of cam*- and lieet'iiioKisseH would he 
nhnut 200 million j:a]lons^ The .utunl ([iiantitv ohtniiu'd is un¬ 
certain, hut Is of <‘Ourse. vei\ iimeh lens than thus 

Cane-sugar Juice and palm sap. In the tropics and suh-tmpica 
cunc-siigur juice, as well as the (am* luolasHes. M‘n(*s as a aource 
of ah'ohn! holh for mdiistiial pur|Kisea and for making Hpiriluoua 
lN*vemg(*M Stull as mm and tatia The juice of sorghum atalka is 

* ItutbhH, .Vn an, |lnii*au nf ncionce, Manila. 1917. 

* llermi, J tS'ur i'A^m liul, 191G, 84. 339 
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likfwiM* riiiiiloyHl to Mmii* cxtiiit for hiinikir jmipoM^H HliHii till' 
MifjarM'aiir himI th<‘ hoi^hiiiii htftlkH > i(‘ld (io to 70 |kt criit. of jiiiro, 
nliuh (‘oiiUiiih 12 to 10 jN*r <(*10 of MitratN 
The Hn|> of (‘ortain xaiiolios nl |ni1iii r^jMvialK tho Hj|Mi |m1ni 
and tlio ('iK‘0 |Mlni is also an iin|Miitaiit arlual and potj^ntial s«niive 
of alrolud In llio l*hlli))|Hia‘ Islands tliofr air uioir than KNMKNI 
arirs ot ni|m ])aliH 
«4Haiii|i, and in 


B r111sh 

Noi t b 

Boiiieo ns 

null b Ol 

inoie id 

atl\els 

small |i. 

Ills of 

w liii h a 

1 C >1 t 

norked 

The sap 

lias an 

aM'iaue 

sii;rai (onli 

'lit ol 15 

per '(‘III . 

iiid ll Is 

call ulated 

lliat the 

Meld of s 

ap 111 a 

season IS 

.ibout 

;tniKHi ht 

It'S |N'I 

htslaic (1 

:t land 

The total 

pi'odiii' 

lion ol al 

lolin] III 

the IMnlippines is 

alioiit 2] 

niilliiiii 

•iailons a 

\eai ot 

a hit h nine 

tenths IS 

obtained ti 

mil nipa 

aap , and it is esii- 



iimtHl that aO mil 
lion gallons of "" <i>mhi\si> msiiiatiios \mi 

- , , HI* ini' 'Jinv oi MlM. 

alrohol could or .... . . , 

a astilliiitf •■•liiiiiii li oiliiHtii im |•llllllllll.lr\ iiiitinnitit'ii 
010<Juccd cat ll t Ii<lil>}|iii (oIunhi 

‘ / /. A, ii'oo / A nioiH!riil»r> « A, 

MNlMon l•■l•k'« I'W unit* .iImI »at<i (l«iirtrt himJ Oruuil^t 

I'jrr) 


Wine, fruits.- 

Ill uinc'jiro'hiciiit; (oiinlijoh a lame ijiiantiti of alcohol i|i 
obtaiiuyl h,\ the dirtlillatioii of mne, both for the making 
of brandy and the«|>nidu(tion of indiihtiial abohol SiirpluH 
Htocka of wine arc thuH iisetl iiji, the mfei lor kimln MTviiig for the 
nianiifactun* of the liighK'riM'tilied hJcoIjoI iisetl in the urlH, and 
the better qualities for the distillation of hrand,\ Similarly, other 
augar-coniaimng fniita bchidea the grape*, either Miirplua produeo 
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01 iivi-r-Hiic or ilnniRKMl HtiH’kii, nn* in Home rnuntrku rrgnlnrly 
fcrinrntiil iiiiH ilntdlUHl ns ii Houtrr. of alcohol 
Of other, IcKj inijKirtant, Hiigar- or starch-containing inatcrialx 
it R’ill Hiilliec to iiicntion artichokes, uhich contain 16 to 18 ]H‘r 
cent of fcriiientuliie nintter in the torni of lii>vnloi<r and mulin, 
sweet potatoes, usiil in tiic Azores unil Went Iniiuit for alcohol- 
niaking., ami eonininiiig iiImiiiI 27 ]h-i eciit of starch and augur, 
and asphodel f (Ituli.ui " imrnizvi"), a Htareh-containiiig tiiher 
coiiiiiion ill till' Mediteinineuii area, where it has him usi>il as a 
Houn'C of indiialrial ideohol fl is ilaiiiiisl that ,in aeri' of as|ihoilel 
|iluntH ii'iila eight tons of llie tiilieiH, from which iit least 1117 gallons 
of aleohol ciiiilil be |inKluied. but some ilillieiilties ii|i|M'ur to have 
lu'cn met witli in tlic ris'tiliciitiun 'I'lie Sotol |ilant. niiieli grona 
abuniluiitK in N Mexico and \V I'cmih, and m cin|ilo^\isl in tlic 
making of alcohol, is said to \ iclil fioni IH to 2,7 gallons (|iiesiiiinibl_i 
I’lS gnlliaiH) of INI |M'r eeni Him it |m'i ton Sisal wiiHte. left after 
nmioxal of the hem|i libies, lias bis'ii iimsI for the })roiliii tion of 
alcohol 111 Viieatan . the le,i\ea contain about I2|iei cent of sugars 
A levicu of the |ilnnts fioni winch alcohol la iibliiined has been 
uoinpilisl bj ,1 II Holland the table gueii below has bis'ii 
Hunimarised from this coni|iilatiou M<in,\ of the inaterialH men 
tiuiHsI me of onU minor impiatance but the t.ibic iiiiii be found 
tlaefiil for icfeicii'e (hits, wheat, buckwheat, ami millet aic not 
included ni the original 


Plants used as Sources of Alcohol. 


I'Iniil 

1 - Vlll-ITM 
(lra|K> vine 
Apph* 

('hwry 

]*luiu 

Pniiit* 

Htriitklu’iiy 

KttOAIPV 


HiilmiMtil Nnint* 

Vtln Liitn 

HUthit, Isiiin 

lalllll 

I'lllUUt /HIAKff, Ik'iilh & 
MiHik. 

iiniANs, Linn 
l*iunui> i/omrxltrn, Jaimi 
rnouft \ai 

JldtilUU 

\thutHit utufUi, l.iiin 
A/kiij Linn 


J'uliii 
CMhe\k . 


I*hvmi tUuliliftra, Litm 

f’lMikiNifi mhtfun, iiinn 

' lainn 


Pnrkl^ IVar Opuutut, fcpp. 

C. Afitrun or Jk'NiMl iki/miikA nifynlutca, Jh>hlc 
Jjate. 

Pine<Applt* s . . Ainnidd Scliult f. 

Malbert^' . Jfoni* nii/ra. Linn. 

Mulberry . . Menu tilM, Linn. 

Junbutmiit . fiiyrnia ;a»i6ofaNa, lonm. 


W hfir IihiikI oi iiM'd 


Wtilol} (lisliilsiili'ii 

diMiiliuh'd 
\> iiii'ly (li-dfiilintnl 

(lOiiiinm . (*Muriwuv 

(iii iniU)> Caiu (lixus 

('of'din. IihI} . (iid't’co 
\Vi‘h1 I*} A C. 

Arrini, rlr 

SjiHA, Kirypl. Ntifnu, otr 
(Vpru*. 

.\ludttinhK}UP. 

S uiiirni'ii 
Nigt'iiii 

Mnlny 8tu(eh 

('mK'OHUi. 

Kanhinir. 

India. Ceykai, etc. 


* Ktw BiiUttM. lOIS. 113-130. 
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Plutfl used M Sonrccf of Atcohol—(WfUiimrif. 

11. -RtMnr*. Ti'OKHOirH noun, and UuoT>AtucAii :~ 

Iloiit. iMiw U’bon* ftmiid or tiMod 

Poteto . iSofonum Lmii Widol) 

Hp«t*root JieUi rulrmn t, I^iiu. Wiiloly iliHtrilnitotl. 

Hwoefe Potato /pt^mipa/NifrtDiff, Linii K. Aiui'Iwn, W liuii(«.rte. 

('MAfavA, iMttor jIfaniAot Polil 'rio|iii>s 

r«HhAvn, 3f<iNiAol;Mrfmotfi. MU Tiojm's. 

Muoll 

Am»wroot Liiui \\ .\iii(‘iJI'M,oto. 

Artirhol^ luhtnuus, Liiiti Kun>|k , N*Ainonctt. 

Mm’ttl MiiKiitn • >*1*P Momi u 

A'am /iiojrorifi iukI If 'hupii'iil Afiii'H, W. liidiM, 

Liiii) * ole 

Tcliiii'<li ^UnAPN/ilK'r tiiimiuiA, l,iiiii, .S Kuioim<, .Mra'iio. 

Aliil A, tilbu*, \\ ill«l • 

111 (Inns 

Itiirk*)' UnfiltHin mhfnii, Liiii) Kitiopr, Ainoiico, ole. 

U\o J.IIIII N Kiiio|hv oU' 

Maizo Xm Mnifi, Linii \ai I'S \, 0(4 

tSofflliuiii. Pail, (II Nin/AiPM . Mniichutiii, Kiintjas cic 

tiUiiKni (’0111 .lufItOiHnii»istiiifhum,\i» 

rubfnttn, IlmL 

UicA 0;i/SA'•rildo, Liiiii V>iii, ICuio|k*, 

Kh|!i * ApVimupii (•proMiHO, <! I itii ItiiJia 

Millet /'lOiKMN wi/iMrrHffi \'-iii, Mixii, Kiiropf*. 

(Ifllri liva/i AHtini, MU N Kiini|H‘ 

SMk’aI TtUou/fi mu kIi‘I) (liHtiilniti'd 

Hudcvlical Fatjt}ji!/rum t» uh Ilium Kiitojio, Aiiii'iiea. 

IV. iSihMs 

Su({iu Cum ,Sm</iifri(Mi nffii muiuiii, 'riii]iU'. 

Jjitiii 

SiiKiii Com /•<( Afovs, Liiiii I SA 

Sujjiir Soi|;hiuii .'^iinfhuiti Minhuiiihiiii, linlia, ('Iiiiia Jh|nui, N 

.Mieiidi Xiiii'iKii. 

(liiistTiMs.oi lMiuk\<i»i/AortAou/'< mo \M<>iiA)ia 

Koyti 

Solo] i/iiti/hi mil (■ (liowifi, S( liull M( vi< o 

iHilv Paint Fhti iu r ihu tiilij»iit, Liiiii, Imlm 

Wild DaU* . /'Airarj* AylriAOiff, |{o\l> Imliii 

V. Lvaxea - 

Vlwlikui. ilirtuhnm tphinuliilnim, KiirojH* luiJ N Amia. 

Linn. 

Siaol Hc'inp 01 .lypio uvula. Mill, \iu Vuratnii. 

UeuiHjucii smalnmi, I’cis 

VI lMrx.iiuii.M h.sr 1 <1 • 

PolmyiA or lMfU’WII»iwinu>Jf»hiUif>r.\Miu ’lio|)iral Africa, liiiliaj 
Run Palm Hninw: Ceyliai 

Cocoa nut Palm Cckm niKi/ini, laiin India, l^hili^ncM. 

Duri Pdni . . Corypta tlala, Roxli India; Plnlimunea 

Uorouti or Hugar ytrcnya AocrAar^rra, ].uhill Pliilip|Hnra. •ia\a; Hiam. 

Palm. * , 

Nipa Palm Si/mi fruUeanM.'^unnU Pliili|i|HnpH, Indio, ate. 

Roso Palm . . CiiryoAi mitra, Liim Tmp ^liua; Malaya. 

IfMiwa . liwmia laiiJolM, Huixh India: Burma. 

Pulque Maguc) Agavi atrovuiM, Kara Mexico.' 

< To tiic forvgoiog may be itddul iciim) ami iiunic ehuitnutii, 
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,recently exuinined by BakiT mid Multoii ^ In iHitli vatm the yield 
of alcohol WHH about 27 {ht (viit of tlie drunl peeled kenicia, 
eorn'H|>oiuliii^ with hIhuiI l2|HT('cnt of thefn^sli inatciial(dqnivi*d 
of the outer hIu'II) 'llie Hturcli of (he |mh‘ 1<><1 aeoriiH wua 

43 4-4411 iNTeent. and of the cheHtmitH. 1.7 2 .ItMl |K*r cent The 
total KU^iiiH were Aeortm, (i M-8 3 , ehe4iuits. 10 (i 20 2)H*reetit 
(r) Alcohol from wood. - f'elluloM'. uhieh eoiiMitutes about 
.50 pek cent of wo(nI, ean he [lartiallv nwilved into dextrose and 
other sugars by tn^atiiieiit with ueida under ]m*Hsiire After 
neutralisation of the aeid, the Mi^ain. or the ^te.der |Miit ol them, 
can Ih‘ ferinen(4‘<l uith >east. and the lesiiltie;; aleohol sepaiatetl 
by diKtillalioii (hi the ground (»f eeoii<»ni>, siiwdiisl or othei wockI 
waate in the ihateruil <MiiploM*d 

The pnieeHN was developed ou a l.iboi,i(oi\ K'.de b\ Cl.isseii at 
the l'niverhit\ of Aiv-la-<*liapelle, .iiid was siibM<|ueutK tiled as 
a inanufaetiiiiii); e\|Haiiiieiit at CIik.i^o it w.is theie toiinii that 
alnail *1011 lb of fermentable sugars (ould be obtainetl from one ton 
of pine aiiwdiist Follouni)! these deinonstialions. a eompany 
(Tho Claaru'ii Litrniti (*o) was foinu'd to uoik the ]H«He.ss eom 
memail>, and lout pi,nils were (‘reeled lii Aiiieiuii lor (he 
piir|HM<> * 

Bo far aa the pKNiudion (»1 alcohol is (oneeini'il. .sucfess has 
Wii met with, undoubtedlv 'I'luis a plant establislu'd at (leome- 
town, S (7uolina, was i(>|Mtrl(‘d in Itlll to hiue lun for moiv than 
a year, pnaliK'iiii; upwaids of 2,000 ;«allons ol al ohol |N‘I da\ ‘ 
Nevertiu'less. it ap|M‘aiH that b\ MHi on)\ oik* of the tour plants 
nMiiaimal in opeiation. and the ]a<N‘i‘ss wan still iepird(‘d as in 
an ex|H*iiineiital Htai;e*' The indiistt\ has also U'cii tiled expeii- 
ineiitally in this (ouiitr\. but appamitK was not able to eoiii|a‘te 
HUHTaafiilK with the established methods 

Though simple in ])rineipl<‘. (h(‘ pitKi'ss pieiauits \aiioiis ((xhnieal 
dinieulti<*M in openitlon Since 11M4. Iiowiwer iinpiovemcnta 
have evid(‘n(l> iN’tai iiiadi* in woiking it in tlu' Tnited Stat(‘K. 
According to one nuthon(\. a im‘th(Mi is now in opiTution at 
Fullerton, boiiisiana, whi'ndn a \ield of StI gallona of 0.7 |N*r cent 
alcohol ia obtained |mt eord of s«iwdust or eomiiioii w(mn 1 waatc 
Taking pine woihI at 020 lb {nt coni of I2H cubic fei't, thia yield 
wnrka out to 21 gallons jK'r ton It is slated that the quality 
of tho alcohol in very goml. much of it iicii^g iiml in perfumery 

1 1017, U. Ool 

* J tnd. Kng ('hrm.t 1011, 3. 430 

* 8(« lly-pmducta of the laiiul}ei Itulublr},” liy if. K Betisun. p 57 

tWashifiglmi: I'riater, 1916). 
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Tho iiutput uf thin plant ih sanl to hv p.illiins |KTilay llkP 

OiHH^^tuwn <lihliU(‘ry. )ni>ntiimnl uhovf. Inter (11)18) turning 
ont 2.nt)t) gallonn On aeeimnt of the deinanrl for ulroliol in mnking 
miinitioiiK of anr. the prfK'enh u.is ii(» (hnilit Kaiiinienitui* at that 
(ime. hut it nniininv to he sh'ii ulit'ther in iionna) e^Tx‘nlll^tnnel‘!4 
uleoliol Mi pHNliiecHl he uhle to hohl its own iii'ainst that from 
iniilnhst^ (iiid other Miiin'es 

Ai'i'ording to Mr (' V (‘losx the ihniiiilties lunp liwn so far 
overcome iin to allow of aleohol iieiiii! pioihieed on the Urge senle 
atnverv loweo^t I'ndel theino^t ta^oiiiahleeumlllioie' however, 
the Meld of aholiot a<(iiidl\ ohiaiiieil lepii'M ids i>iiK alioul 8 jH*r 
eeiit ol the < elluhtse emilent oi the uoihI * Linger Melds, howevei, 
an‘ jHissihle , and wood waste luiisl he t oiisideied a \e>\ nii|iortuiit 
law liiateiial for the |K)tential phhIik tioii of ah oliol in well tindieml 
eountries The iimniifaeliiie is desMilaMl in uieatei detail further 
on ([I 1KI) 

(*onsuleriihle (|imntities of ahohol aie imw lH>ing made fiom the 
waste lu|Uor piodiieiMl in (he m>miifaettire ot woikI hy the 
** sulphite *' pnwess This wa>ie li<|iioi contains from l| to 2 )K‘r 
cent of feiiiieiitalile siipiis, arising Iroin the attioii ol siilplilti^ 
on the woikI , and alcohol is phnliieed fioni these sugara hy 
neutralising the li<|Uor, fennentiiiL' and distilling it In Norway, 
two plants aie now (IttlS) in opeiatioii tcir this piii|Hise. whilst in 
Swcsien four an* woiKiim. and three nioie aie lieing r‘i(s ted About 
one million gallons ot ahohol ftfi uhhum ate heing turned out. hy 
the four Nwivlisli instalments In (Jermaiiv thirteen faetories 
have Ikm'II hiiilt foi the s.ime pnrp(»H‘ and prohuhlv niv now* in 
aetiial wnikiiig Theie an* also two plants in the rmtcHl States, 
and one m Suilyeilaiid ‘ To devel(»p the iiiaiiutn«‘tiirft of this 
“ sulphiti* spirit " 111 Sweden, it has ls*eii proposed otlieiallv that 
the jinMliietinii and sale of d<*tiAtun'd alcohol foi the jiropulsion 
of motors anrl for oilier trshnieal pui|Sisr*s shall he nwrvcHl os 
far as pnietieahle to the sidfihite spirit factories Further. tlir*so 
estiihliHliments an* to Iiam* the exdiisive right of deimtiiring their 
aUsihoI with benzol 

Aleohol fnun wothI usiinll,v <*ontnins an appn'eiahlc quantity of 
methyl ahsihol, and in this <*oiintry hikIi a pnalmt eoiihl only lic^ 
used for making iiiethvlatisl spirit or other varirdy of denatured 
aleohol. not for making lK*veruges 

^lat has bei'n adv<K*at4‘d as a ismsihle boun*e of (heap idcohol 

1 J Sor chm Ind. 11117. 86. C.li. 

9 |) .rbluiMm, ifrK/. 1018. 87. 131, 
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, Ip'thu United Ktngdoni ‘ So br, howovrr, thin material hae not 
been uaed conimerrially fur the purpiwe 

(d) Synthetic alcohol from calcium carbide or 

acetylene.- It has now beeume ennimereially praeticablo to 
prepare alwihol synthetieuliy. ns sell as bv the fernientatiun 
methods. The iii» material employed is the hydroearboii gas 
aeetylene. (',H, or rather ealeinm eurbide. whieh n'iulily yields 
aoelyleVie on tn-atment »ith water 
Awtylene ean he eonverted into ethylene. Cjll,, or into nidehyile 
CjH/), either of whieh sulMtanees ean fiiniisli aieohol 
Caieium eurbide. is ohlaimsl by healing a niixtun' of eoke 
and lime in the elA'trie fiirnaee 

Another eailiide is said to have Iss-n fiiisliiied aliieli Melds 
ethylene dmrlly. instead of ais'tylene when trenlisl with Hater 
The piirtieiihirs have not been diselosed 

II.-TIIK ItKHTIKMK'AL AtiUNTS HXZV.MUS, .MAI.T, 
YKAST 
HNZ\ MI'Ji 

As already indiealisl (p 17) enzMiies pla\ a \ei\ ini|Ha'tiiiit 
part, both in the prisliietion of sugar from slaieli and m the loii- 
versioii of sugar into aleohoi 1'hey art' nitrogenous eoinpoiinds, 
either aihuniinouls or very elosely rebited to nihnininoids in eomtsisi' 
tioii, whieh iss'iir in all liMiig organisms, iihethei aninial or \ege< 
table Their fiinetion in the organism appears genemlK to he to 
attack insolnlile mateiinis intended for the siistennnee of the iiiiiiii.il 
or plant, eonverting them into mure sohihle and mon- ditliisible 
suhstnnees, and thus making them more iiiailalde for nutiitioii 
PljfiUtH, for exiiniple. the enzynie eontoiiied in saliiii. and also 
(mylnfuiti, present m the juiee of the iianereas. both haie the power 
of eonveitiiig insnliilile staroh into soluble sugar. They thus 
resemble dinalasi> in their action The pepmn of the gastric juiee. 
and the tryjain of the (uinerens, each converts insoluble pniteids 
into simpler proteoses and ]ie]itnnes, nuidenng them more lit for 
absorption; whiist fi;Mar. which isriirs in the jiaiierras and also 
in various seeiK splits up fats into glyeerol and fatty aeids The 
Symiur of yeast converts sugar into aieohol and carbon dioxide; 
the malltui' of malt transfivms the )2-rarhon sugar maltose into 
the 6-enrbon sugar drxtnise ' 

Thus the enzyuu's ean lie classified into groups acionliiig to the 
kind of action whieh they exert, t’hief among these gnmps for 

I Mutor I'liiun t'orb ^tonitniltw,^ ftrpqrt, p. j^. 
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our prcuont purpniw arc (i) thr (linatafic iimj imw, which hvdroljw' 
Htarrh; (ii) the inverting cnzrmce. which traiiiiforin canc-augar 
into invcrt-augar. or maltoao into (lc\tniM>, (iii) the alcohol- 
producing enzymoa, c j , zyinaac and ita cti-cnzj me , and (iv) the 
proteolytic enzrincs, which convert piotciiia into aiinphr hotlica 
auch Uh pcptoncN and uiiiino-acida 
Rnzrinca an- milulilc in water mid on- coagiiliilcil li\ heat Kmiii 
their aqucraia Milutuma cxccmi of iilcoliol He]uinilch tlieni an uiiinr- 
phiHiH, white ]ireripitatra, ns alao docs iiiiinioiiiiim siiljihatc The 
pns-i|iitnted ciiziinca an- diM<ol\cd in gl)icrol. iiiid thcac soliitionH 
C.III he jin-servcd for a loiiMdciiihlc Iniic tin- Milutioiis in water 

MHHi iIccoinpoM- Wlicii coiiiph-tcli ill\ tlic chr.\iiics may hr 
expoMsI to tciii|ieriitiin'K us high ll‘^ KMI to 120 without dcHtrur- 
tioii of nil then chHrnrteii>.tic pro|M'rtics Init in in|iic(nis solution 
a teni|H-inliin' of Wl to IHI" iimi.iII,\ di-s(ni\s their netixities They 
act lit onliiiary or slightlx elexiitisl teiii|K'riitiin's. la-low D" their 
iietixity IS siiK|M-iid(sl. mill it is les-s-insl at iihont (Mr. though thoy 
are not all ia|iinll,\ sensitive to the elhs ts of heat Then- is a limited 
i.iiigi- of optniiinii leni|M-niline for eri-r\ eii'/uiie, thus diaalase 
aets la-st at alNiiit oll-.V) '. mid nixeitase at iilioiit o'l 

tine iiotahle fact iihoiit en/.yines is that a lerv small quantity 
will siilliee to liaiisforni >i n-laliM-lx enoinious ninoiint of the 
siilistiinie acted u|ion Thus one |Mit of mvertiiM- (Hiieraat-), 
.ii-eoidnig to tliSiillixmi iiiid Toni|ison. iiin niveit 21X1,INNI jiiirts of 
eaiie-sugm In tins res|H'et the en/Aiiies lesi-nilile eatalysts, anil 
they are also siiniLii in the fact that thex me xery sensitive to the 
pn-senee of is-rtani eheiiiual siilistaiiees siirli as hxdriH-xaiile acid, 
funiiahleliyde, and nii-ieiirx salts, wliieli lenih-r them inaetlx-e, 
iiiiieh as eatnlxsts an- “ |Kiisoiiisl' hx ninnile quantities of ecKain 
Imdii-s 

Another n-markahh- fact is that a gixen eiizxnie eaii only act 
upon a certain class of siilistmiis-s it has its own s|as-ilie action. 
Iliastasx- hydrolysi-s stan-h. hut not proteids. pefisin attacks 
pmteiils, hut not stan-h Neither of tin se will split up fats, whilst 
lipoao, xvhieh does this, cannot bn-ak up either earhohydrutes or 
pcoteids Fiiriher, then- are several examples of sugars, whh-b 
exist in twi optically iaoinerie forms, and of which one. laoincr is 
susceptible to the attax-k of an enzyme, while the other remains 
unaifex-terl. Thus d-ginense is ferini-nted by certain yrsuits, but 
/-glucose is not These faeis suggest that then- is n elosi- rrw-mblanre 
in atructure bi-tvri-en an enzyme and tlie sulMtiinoe which it attacks. 
They have led to the hypotheais that the iiinlrcular ronfiguration 
al the enzyme and that M the sugar it ferments are compleiat-ntsiy, 
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, fMO that “ the one may Ih* Haul to fit tlio other an a key fitH a Uk'K ” 
(K Fineher), or ” uh aiirl feiiuile M'n'u " (Pasteur) Nolhinfr, 
however, U adiiiillji known of the inoleeular htiuetiiiv of the 
eiizyineH 

AtHMinlmg to Aiirmii MroauJ (he enzyme invertaM* in its action 
on enne-Hii^ni eoiiibiiieH with the Kiif^ar to form a inohN'ulHr eoin- 
which (1 in>k not rhsotn|KMte iuHtuntitnismsU, hut cmhIm for 
a jN'rceptihle iiitenal of tune liefoie liiml ilisniption O'iSiillivan 
fiml ToiiipHori hiul previoiisK sliouii tiint the activity of invcrtaM* 
ill the pn'M'me of cane sugar Hiini\es a teni|K'iatiiie uhieh eoiii- 
pletelv (lestioNs it if cane sugar is not piH'sent, aiul thc\ n'gariled 
thiH as itulieatiiiif On evisteiMc of a Mtinimiiition of the ciizune 
and sugar iifohsiilcM^ Wiiit/.’ had also shomi that the eiizxiiie 
|ui|)ain ap|M‘arH to toim an iiiHoluhlc lompound mlh lihiiii pieMoiis 
to the liydro)\HiH of the latliT 

It nm> he noted that in iiHKlern cii/mik' terinino)og\ the ending 
jH used to denote an im’/Ame, the hist pail of the name 
indii'iiting the siihstaiU’c atlwM hy the enr,\ me Thus the en/\ me 
uialtUAc uttiuks (he sugar maltosr , l,llt'f^f attacks lactose, and 
so on Hence lh(‘ modem (I'l'ni (or diasl.w* in {iimtfhuH, 

Htareh), and for iincrlaM’ /u/r/rrsr, siiue this enr> me atlai ks siu ioh* 
Mat the older terms are fr4‘i|iienlK used. tHpeeialU (he lom;es(ah 
IimIhmI ones, like dhistase 

Di&tSt&S6 (amylaso). The pMiici|sil diastatic (>n/\mc is the 
ainxliise or diastase i»r malt that is, of geiminaliil hailu It 
wiiH the liist eimme to lie isolated Peisoz and P<ueii^ eAis-lisI 
the Me|HUiitioii mi tai liaek as (he .^eal ISri2. though the diastase 
ohtnhusl was onU a ver.N impiin' pnaluet 

Ihirley Mhii'h Iuih not gi'rmmated eontaiiis a riitTcii’iit form of 
ain>hlMe (" haile> diast.w' '), termed h\ Hrowitaiid Moms' trans- 
loeation duiHlUNe " siiire ith liinetion ap]M‘arH to he tlu' (‘otuerKion 
of Htan'h de|K)sited in one part ot the plant into siimir tor trans> 
ferenee to another part, uheie it is again de|H)sit<sl as standi The 
oniinary malt amxhiM* uan termed "diastase of seeretion." ns it 
ui eliietly formed during the giTiniiiatiiig pris'css h;^ si'endion from 
the seutelluin of the emhr^o (Si>e iimler " Malt,” ]i AS) 

Malt amylase ijiiiekK dissolvi's starch, (siinertiiig it first into 
ilevtrina and then into maltost' It nets \ic»i at a tein|M'nitiiie of 
abimt 5tk—Tsi'' (122—lA I ’ K) At about (I7(»‘' F) it hmuiies 
iiwetive, and begins to eiaigiilute 
Knzynii‘8 of the nm>las(‘ or (liastiMie class, houover, arc hy no 

1 Tnnt. C’Afw. Soc . 1002, 81. 3S6. » Ibui, 1800. S7.' 865. 

* OimjDl, mtd.t 1880. il, 787. * ilan. CAcm Phyt., 1833. [ii]i 88. 73.. 
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means cnnHm'f] to barlej Thi>y are found widely distributed 
through the vegetable* kingdotn, in htliagi* leiive*i mid ungiTniinatnl 
jmrtieiilnrly in the nieiiroiie lH\erH of the se'iil-emts In 
some smull ('ontmenlnl distilleries, for iiisinme, uleolinl is made 
from raw r\e. without malt of aii\ kind, wln-lher Imrle^-miilt or 
other The diahtiiM* prese-nt iii tin* raw gram hiillu'i-s to saee luinfv 
the Mtareh dining the iniiKhuiir openilion SiimlaiK, it hns him 
toiiml that the bran of wheal has a high diastatie |Miwer, siiflhuent 
to allow of hran being emplo\ed Uh hnieallN as a saeeliar*fe ing agent 
of s1ari‘h\ materials in tei menial ion opeiatioiis > 

I'eiNoK and l*a\eii nblaiiied then diaslllsi b\ heating a isild water 
e\fiael of malt to 70 tilteimg lioiii eo.igiilat«sl pioteiilN and 
pieeipitatiiig tho diastaM* b\ .iddiMi! a laige stiiaiititv of 
absolute ah olio] to the hltiale Tin* iliasl.isi' was then further 
piilified hv re-solution lii water and re pieeipitation with 
alioliol afti‘1 tliung at tll•'v»0 , li was obtained as a white, 
tasteless ])owder 

A mudi bettei pn'paration is obtained bs laiitner’h melbiNl This 
(smsists III I oneentialmg a siiong water extrail of malt b) fretv.ing, 
and pn*ss]iii! nut the I'Xtiaft fioin the ne throiigb a iiller-eloth , 
the injurious ellnls of IhmI upon the eit'/Miie aie thus luoidisl 
Tin diasl.ise is pieeijiitatisl tiom tin* (omentiated extract by 
addition ol aiiiinoiiniiii sulphate 

•I H Oshoine* has (aiiiisl out an him stigation in whteb the 
diastase w.is pr(‘]Mie<l b\ an elaliuiate inetlnMl iiuoKnig ie|W‘at<'d 
diahsiv salting out ' with aiiiinnniiiiii sulphate and M'Neral 
priN’ipitatioiis b\ aboliol The piii'nst simple thus olitaimsl had 
the following elemental;! <oni|Hisilioii 


\h 1 i 

Oiteiiiii* insticiii 
t'HflHIII 
]i\iiiogi‘ii 

Nilniu^'ii 

Owaisi 

Miljilair 


II itlt iMT fcnt 

W r» 

a T „ 
ii» 1 

I» 

OHIO 


This eomiMisition ngiech elosel> with that of a protein Isidy. 
Naturally, thi* exact coin pi Hit ion depeiidh u|K)n (he degns* (A |Mirity 
ri'iiehisl in the diiistasi* jirepared , thus one of Untner's prejiara- 
tions showed inueh less nitrogen and iiiueb moj’e ox\g<‘ii than tlio 
forc'going nameK. nitix>gi*n 10 4 js'r <ent, and oxxgen *14 5 per 
cent. ()hlK)me*H juin-st diastasi* hod a diiislatie |K»wer of (KN), 


1 r.M. r. 1178039 . HOO J. Inii nrrwtwf. 1918. 24. 28 
* J. Amtr Clum ikte., 1896, 17. 687-003. 
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nxprpiMml in trrniD of Lintnor'a Hcaic, or six timni (hat of the moat 
active jitejiaratuHi olitnined liy Untner hiniNelf 
PiirilinI mnit anijliuiv (<liaH(aw!) with it iiiucli higher (liaatatie 
jMiwer than (taborne'a haa, however, Imvii obtained by Sherman 
and Seh|yHinger,' working an foliowa 
(■niiiiid moll WBH extnu'teil with two and a half tiinea ita weight 
of cold water, dilute alcohol, or a very dilute aolution of aialiuni 
niono|ihiw|ibnte. for one and a half to two houra at a trin|H'rature 
of about lO" Till' extract waa then ika'aiitcd or liltereil. and 
dialyai'd m eolindion bags iigainat ten tiiuea ita voliiino of void 
water (trni|H'rntiire 7 -13*) lor 2."i to 42 lioutw, with two or thrt"e 
ehailgea ot the ibaltaali', neat it w.w filtered, and an equal vpluine 
of alcohol or acetone addial The |ireei))itate |irixlueed waa dia- 
eardial, and tiirtlier nieuhol or aeetone added in quantitv nuBieii'nt 
to bnng the final eoiieinifration U|> to fi.) or Tf) [ler eent The 
lins'ipilafe tliiia obtained w.is ai'|Hir,iled and dried in a |airtinl 
vaeuuni oter Hiilphurie aeid af alioiit III So far a-, )ir,ielieable. 
this temperature waa inuinlained tbiiaiglioiit the o|M‘rations, and 
in any cane the leni|H'inture wna not iillowial to rise above 211" 

Of a nunila'r of H|K'einiena thiia prepaivd, Hi had diastatie )aiwera 
(*f(uivatent to I2IHI IKIH) on liUitner'a aeale, and ae\eii gaie values 
eoriea|a>uding with ISIKI 2:ilKI Km-ii theai- values, though the 
highest jet naunlisl for ni,dl .iinjlase. weie lower than thosi- 
obtained by the authoia with |uiuenMtie ainjlase The prisluet 
(from malt) was a yellowisli-wbile aubstaiiee giving the typical 
protein renetiona. and under the iillranneroseoia* it hiul the np|H-ar- 
anee of a colloid if eiuigulated when heateil in nqiKsiua solution . 
(he roagiiliiiii gave a violet blue, and the solution a rose nsl. biim-t 
reaction. The iiiosl active a|weinien contained about 14 per cent 
of nitnigen 

DiaatiiM- when quite diy can withstaiid a teni|HTnture of J.'ill". 
bpeoulilig iiiiietive at about I.'iH". 

Solutions of nmylase for kis'ping am brat preimreil. aeoonling to 
Ohraanea and doselit* by extnu'ting malt, not with the usual 
solvents (water, alcohol, ais-tone, ehloroforni). but with aqueous 
glyeerin, a<|ueuus pyriduie (,‘l fi {ht rent) or quinoline water The 
glyeerin is |ueferably used at a coneentratiiai of about ,* 11 ) per rent., 

' but any strength Isdueen 211 and 90 ]ier cent can be employed. 
hlxtiHets prr|iarrii w ith these media, and eonbiining 5 to 8 per 
cent, of diastase, have been testeil as reganls their staieh-Hquefying 
jwwer, saeeharifving power, and dextrin-forming power. The 
reaults show that there is no definite relation between the liquefying 
' J. Amtr. Vhm. Soe., 11113,33,1017-1633. • Bmixm. Zribet., 1017, W, 211- 
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powrr (if smylaac and ita aarcharifying puwra; thia suggpatH 
tbiiM' Iwii funidioiia may lx- due tu dilfi'n'iil riizjinea. The drxtrin- 
funiiing |Kiarr varkw mainly in lU'ninlaiiee « Uh eliange of liiiuefying 
power, but the rexulta are no) eniieliiMX'e aa to the relutionahip 
between the two funetiona , 

Cytase (callnlase) la amithi'r enzyme found in gi‘riiiinating 
luirh'y It uttacka the (elliihise walla of the eella which eiii'lnmi 
the atareh. softeiiin); or diaaolMiig Iheiii. and (hna allinfing the 
diaataae to obtain aieeaa tu the stanh and e\ert ita'aolvent aelion 
ii|ain the latter 

Sucrase (tnvartasa) la an rnz\ me preaent in Yeaat, and alao in 
mult It hvdroljaea ('ane augar. i oiuertiiig it Mito " invert-augar,” 
a mivtiire of deztroae and Iu'ViiIom- 11ie optiminii tem)H‘rBturo 
for tliH aetion la .aVtit) . and the en/.,Miie is rendered inaetive at 
To It can be olit,lined from yeaat by drying the latter at 1115'' 
and estiaetiiig it with cold water the aohitioii la'ing then pn‘- 
eipilated lo .iibliiig an exia'aa of alcohol The dried enzyme may 
be lieiitial for aoiiie time at Mil loti witlioiit deatniying ita 
propel Ilea 

MaltaS0 la another enzyme whieh la-eiirs in malt, and alao in 
iiinn\ \enata Croft Hill obtained it fioni ordinary brewery yeaat 
by evtiaetnig the ilriiai material with a dilute aoliition of audiuiil 
hidiiiMde and toluene' It altaeka iiiiillnae, tranafornihig it into 
the aiiiiplei augur dextniw*, the optiniiim teinperaturo for thia 
elTeel being 411 At about ''ill m . it is n'lidi'nil inaetive Maltaiw 
H not very aohible in water It exerte ita inaximuni activity in 
faintly add aolutiona, but la very aeiiaitire towanla alkalinity or 
exci'aa of aeid 

Zyilias6 la the enzyme, siH'n'ted m the yeaat-(alia, winch directly 
liriKliices alcohol fnini dcxtroai* and fioin la>viiloar It will III! aeen 
that from the |aiinl of view of alcohol iinaluclion the action of all 
the foregoing en/.viiiea—eytaae, diaataae, maltoae. and aueraae— 
ia, aa it were, a |ireparatury action, bringing the niuterial into a 
form III which it can be attackial by the zyinaae f^taae focilitatea 
the action of diaataae u|mn atareh up tu d certain {wint; diaataae 
tranafonna atareh into maltoae, and maltoae cunverta thia into 
dextrooc , aucraoc changea cane-angar into dextruae and Isevuloae ; 
and it ia the two dnal producta, dextroue and iieruloae, whieh arh 
attacked by zynioae. ami converted into alculioi Zymooe duea 
not itoeU tranaforin either atareh or cane-augar directly. 

The enzyme ia contained in the liquid cunteiita uf the ycoat-cella, 
but it cannot )iasa through the cell wall, and hence ran only be 
> Tratu. Ckflu. &e., logS. 78, SM. 
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obtained by nipturinft the eellH A method of doing this was 
pablished by K Bbchrier in ]K!i7,> and it marks a great step fm vaid 
in onr kmmli*dge of the fenneiitation jinx^eHNes In m^parating 
tho eell-sap or “>east juice,” fresh bn^wiiig-yenst, fro^ fn>in 
adhen'nt ujjlci b_\ uah gntumi up with (jirnrtz sand and 

kiiwlgiihr in order to riiptim* the cells The risiultiiig plnslic 
mass aiiM then niixrsl aith uiiler and M|ijis*7.eil through cloth ill a 
hydruiilK' prcbs, at a presnuie of 4(M) to .KH) iitniosphen's. llie juice 
thiiH evpn*HKc!l na;* a hlightl\ n|mlesci'iit. jelloa li(|Uid, which whrm 
mixed with solutions <»f rlexlnisrs gnifK^-Hiigiir. cane-sugar. (»r 
maltose lapidly fcrnientcd 'ihciii, although no organism \isible 
iimler a high iii<iguif\iiig |Hi\ier was ))rcM‘nt. nor could such \h> 
dete<'tc<l c\eniUh(ii the soliitioiis had ImH'ii fciinciiting for tamie 
ilajH Furtlicrmoh*. the icimeiiting power was still ndaincd after 
the juice had Im-cii liUcnsI Ihroiigh a Hcikcfcid iiltcr. which would 
n'laiii an,\ organisnis ot the size of \east I'clls , and also afl<*r being 
dialyacd through |Nin liiiiciit paper Thus the rcrincntatioii was 
not due tliicctU to the action ol U'ast-cclls Monsrver. the yeast 
juice coiihl iiidiHc the fcrmcntiilion r'vcn when powcifiil proto- 
plasiiiic poisons such as ehtondoiin and mkIiiiiii arsr'iiilc wert* 
pri'scnl. so that it was not a case of the fcmicnlntixc activit;^ being 
due to jiarticles ol li\iiig pniloplasni In tact, tlic‘ fermentative 
power was shown to he «lue not diivctK to an\ vital jrrocess, but 
to a iheniiial or enzMiic action of some constituent of the ^xeast 
juice, ami this cir/Miic liiichiicr termed ** zvmase *' 

Huiden and Young siibseipientU touiid that h} siihinitling least 
juice to tiltiation Ihiough a ('hamheiland filter euited with a film 
of gelatin a nsidue was hdl upon the (liter Hut a very lenmrkablc 
fact neitluT this residue b\ ilrwlf. nor the (iltr.ite hv itself, was 
en|Mdili‘ of setting up aleoholu* feimentation When, however, 
the two jHwtIoiis were ixMinited. the nnxtiin' pr^KlitetsI almost as 
BOtixe a fermentalioii as the ongiiial juice * The aetixe r-onslituent 
of the liltiate is designated the * <‘o-<‘nzxme the enz>me is 
contained in the colloidal lesuliie h'fl on the tiller Then* is evulence 
in favour of the xiexx that the eo etizxim* is pmiiahlx aeetaldehyde, 
though at piX'siuit this eaiuiot he statisl with certainty’ 

Zyiuast', or at least a solid pn'jmratioti (‘oiitniiiing aelix'c zymusrs 
iKiay Ih» ohtaiiusl as an amorphous jKiwder h> pns>ipitaling yeast 
juice xxitli alcohol, or with a mixture of alcohol and ether, or with 
neetmie One xoliime t)f juice, for example, is jsmred into ten 

^ Jtrr.. istli, 30, 117 , also Mils 31. 32. unit 33 

> A. Ilanlt>n, “ Alc<iliiilic Fermentation.'* ('hap. IV. 

* llardisi. ItuM'htm J, 1917, 11. 64 



n omiNR OF THE PRODUCtlOH OF Al^TOROl. 33 

volninM of the inixtuit' raj>i(U,\ enitrifuKt'd, and iho I^nid , 

dH'ant<‘d; tin* im nnshnl with ntt^toiio and with ether, 

awl then dn<Nl u\er siilphiim* neui The rchultiiifc Biiuwplioue, 
white |Hmder diM‘8 not dihsi»he cuiiiiilelels in water, hut in neariy 
all Holuiile 111 a mixtnie of Mater and gl,>een)l eontaiaing fitim 
2 5 to 2tt jier eent of the latter the Milution thuH ohlainiHl ia 
praetktilly as iietne a« the original jiiiee in efTivtiiif; aleohcilio 
feriiientution ^ * 

Zyina'4(‘ ajijHairs eupiihle of withstundiii); a teiii|H‘rature of lOt)* 
for aix hoiii^ at lru^l. Mure lined \eaxl mIiu'Ii liax Ihhii thus tri'ated, 
anil M) depiiveil of the jxiMer of Knmtli and lepiiNhietion, la atill 
uhle to ferment siipir anil ti» fiiriiidi an aetiie jiiiee 
Bndotryptase ih >t jiioteolUK eiir.Miie mIikIi (H'enrH in yi^aat. 
Like /MiuiM*, It Is toiined Mitliiii tli«‘ e<>Ils ului eaiuiot 1 n> extraeted 
until the cell Is niptuied , it is lln'n'fore toiind in \eust juiee It 
eomeils \east (i(hiiiMiM into sinipler priMliiets tyroaiii, leuein, 
ete<^.nd is of inteiest lieiaiisr it i« helii’\ed to ha\e a digeative 
action ii|x>n the /.Mii.ise of the tH'xh jiiue Thia would eiplain 
the otherwise |iii/xiiii)r f.ui that the jiiue (juiikl) loMm ita femien- 
tnlue |Hiwer in tiie (HUirse of a (U\ oi iiioie. ueeoiding to the 
teiniN'intiire at whieh it is kejit 

Hexosephosphatase is the tenn .iiiplied h\ Harden to a 
h\drol\tic en/\nie mIikIi is eoiiMdeh'd to he prehi'iil m yi^t. 
Its tolf 111 li nneiitatioii i^ to de 4 om|ios< lieMi>M‘]ilioe|ihatu into thO 
liesoM' su^ai and flee |ilios|)|iii(e ' 

Lactase, an <n 7 \nie whnh Indiohses milk xiiijar, oc'i'iira ih 
kephh ferment and in a few < nit me \vaa\m, hut not in ordinary 
^'leoMl, whieli tliendote ix uiiahle (o feiineiit intlk nugar It eonverU 
hu'toM* into f/'gliieoM* ami dgalaetosi^ 

Reductase. ■ Veaxt jwmm'xm'x markiHl rixhieing pow'er tuwanla 
ii^rtain Hubxtuiiei^ r rj, inethilene blue and mnIiuiii Nelenite and 
it ia eoiisi()en‘d that this pro|N>it;i in due to an etiavnie whieh hoa 
lM>eii termed **redmtnse ’ It bemnx prolmlih: from Ki'eiit work 
that ihia xubaUiue phns an im|x)rtunt ]Hirt in the ])henomcnon of 
alcoholk femienlalion ^ 

Carboxylase. ■ Thm IX the name applud to an enxymo, preaeoi 
in yeaat, which hoa the |in»|M‘rty of fermenting pyruvic acid * The 
latter Kuhatanee ih uii intermediate oom]K)uiid formtHi during the 
alcidiolic fermentation pf HUgar. 

The proteol]rtic enzymes of malt are of emiHiderahle 

* "Alndiuhc Kxrmenlstiunt'* 1911, p 49. 

‘ Hmrdea luttl Norriii, Bwhrm J , 1914, 8, 100. 

* (’, Ncuberg, litoehfm. Zttttek., IWIS, Ht 1 
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« iin|K)rtan(‘c, inuRunu'li am Ui<*y bn^k donn tlio (MHUplox proteins of 
the ^niiti into Hunpler pKMliietM, iiaiiiel). albuinoKeM, |K‘ptoiieK, ami 
amuleH.thu>i rendeiing Ihciii Moliible and dilTuMl>lt‘, and milking them 
available um nutrients ot the \eu>«t during the subwijueiit feniieiitu* 
turn ]inKN‘sM There ap|M'iir to be tao of tlu'si' enx,MueH m malt, 
one A peptase, ahidi eou\ei(s the alimiuins into albuJiioscM, the 
other a tryptase, wliieh elTei (s u mon* eouiplele tninsfniiimlioii into 
aniiilea iiuil ainino bodies siu h as aspAr.igiiie The former aota 
rapidly. Atid has its opliiiniiii teiii|M'intuie at 51 , the li'\])taMt‘ 
aelioii Is slovier atui the most faxuirable teiU)N'ratiire im a little 
lower iiiimel\, betuis'ii 45 uiid 5(1 Holli act best in a slightly 
aeid iiH'diiiiu , alkalis I'elanl ibeir aitiori 

Tlins* iiioltsili ti(* enz\me.s liavi* also been toutid iii \easl ' They 
Are iiiialogoiis to, but ditTei in some |Niilieultits troiii piotisihtie 
erix^MlleM of the animiil organism Tlii\ eoiiipiiM* (i). ii ;ieast 
pffmiHt uhieli ean degiade proteiiH to |M‘ptones but not tiiitber, 
(il), a ,veast In/iilitHr, wliieli iIin>s not a< t on the pioteiiis of \enst 
Itself, but ean dts^iade (eilaiti pioteins, sinb as aei<l albiimiiis. 
gelatin, and eaMSin^en, into |M'plides and ammo adds, and 
fill), a veiiht ereptase, abieh leadili degiad<‘s |H ptones luid )m»K- 
peptideH into iininioadds 

The oni\ other surKtelastie en/\nii‘ that iieid In* mentioned hen* 
IK mellblase, ulmh i.> eoniameil m iMitlom ' \easts Inil not m 
yeiiMtH iiMeil foi ‘ lop feimeiitatioii It iiiMsts the sugar 
nielibiose, jlseK a priMlinl ol the pailial liulioUsis of lalhiiose, 
found in .sngai'beet> and also in baile> lienee the liottom Neasta 
eiui ferment iallinosi> eninphlels. nlnsias ihi' top teinniilation 
^ensla eiinnot do so 

'* Phosphatese/' Ihion* lea\mu the siib|eet of eii/Miie netioii 
ue nm> note (hat in some lases tins .lelion has been slnmti to lie 
n'>erMible eltis'ling a MUitluNis or eondeiKitioii instead of a 
hvdnihtU' deeoin)iosition 'rinis bv acting upon devtrosi* uitli 
limltAMe, lliiH oblaitusi eMilenee ol the pioiliielion of maltose 
for iM(Mnallosi>, Kmiiieiling^) iapase uliieh detoniposi'M fats 
(eaters of glxeiol). ean sMilbesite the i^ler ellul butyrate fnnii 
ethvl nlisdiol and Imtuie aeid , and other mstaines of revurBU 
notion an* knonn 

Of tliesi' ma\ be mentioned that of the eii/},ine phosphatesi^," 
Hhieh ean la* sf>|utiitis{ from the /^Miiast* iom]ites ft s;ditheaiM'8 
the hexost'phosphate of >east * 

* K (• IVniliy, iiinkrNi 1917. 81. 109 

* rofiM 4%m .Vor, IM9K. 73, ri34 ‘ Air. 1991. 34, (tOO 

* Kulor. Obi's'll, ft ilehaii<*s>hn, UmAm. Xi’it-ieh., 1917. SC 402. 
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Malt. 

Malt pMMi. in hIiiiIi ^frininmlioii h.is bmi 

artiliciulK iiidiiu-il alltmiil to iniKml as tai as ina,\ hr ilrMiit). 
siiul iJirn sto|)|HMi li\ 11 imNltialr ot (lir Lnain at liir oniMmr\ 

tem|M*niliirr (‘ mall ') folloiit il ni i;rnrnil In a shni a|>)i 1 i(’n* 

tioii of lira! (kiliird iiiallj .Mai/r oafs i\<> and ulirnt air 4iW» 
nndtial. hut air p‘miall\ iisrd in conjiiiiifion aifli inf^ir or 
huili*\ malt 

Tlir (iTnt of iiialtliKT Is to lift* ni/Miii'h of flir hinlrv 

Unnii. (o moilih (hr lr\tiii« of tlir ^naiii U\ llir liaid, 

toiii!li <0111 intoa fiialilr, itnaK oiir, and in tlir 1 .isr o( kdiird mall 
to |iMM|ii((‘a {iliasaiil iioniath <>1 hisiiiit\ |la\iiiii (of^rllirr miIIi 
a rritain anioiiiil iif ainliri 01 hiowii ntloiii 'I'n thr lii'i'UiT of 
lKi‘1 tlir llaioiii .ind (olmii ol thr malt air of iin|ioi(anrr hut 1 h<\\ 
arc ot no |i<iiI k iiI.ii i oii'*! i|ni m r to thr distilli 1 ol ah o||ol 

Ulirti liiith\ |t]aiitrd ill tin r.illli udtnniatrs iiii 1 iiiall\ tlir 
priNrss !•< st.iitrd liN .dwi||itii)|i ot inoisluir tioill tlir soil III il 
siniilai maniKi tin inaltsiu si is up aililn lal L'rniiination ol (hr 
jfhuii h\ nioisfriiiim It iind r\)iosinu ii 1 (» suit.ihlr londilioiis of 
ldn)M‘iati(ir and .irialion Ur ai«> hrir loiudind iliiriK uith 
thr l)ioh>Lmal <)iaii''is uliidi takr jilair 111 tin* ^ftaiii diiiiti^ tliM 
trt’iiiiiiialKin that is diiinrj tin* uiioith of thr rmlit\o 01 iiidi 
irrritaiN pl.uilhl oait.iimd m tin ImiIm loin itrloir disiiissin^ 
tin or < h.ui!/rs houi\d‘ It is ih aiahh to ^i\ra shml aiMaiiit of 
thr inaniifadiiiini! opd.itnais thinirdi mIikIi tin liailr;i passr'< 
in tlir loillsr ot hriin; roiudtid ililo niillt 

Malting. Thr sutrind lMih\ is tiisl slil'prd in viairr for ii 
firiiiNl uiildi laiii's tiiitii tuo (o Imii da\s an ll|'•lllllr (o thr iiaturr 
uf thr ImiIcn and thr tiinprtatiiir ot thr watrr Ihiiiii^ lliia 
Ntri'piiig it uhsorhs aliout onr hall ot its wddil of iiatri, and tin* 
gruiiiH htroinr stiftrind tIriirialK thr wald !<. diaimil olf and 
rrplarril tuo 01 thin* liinrs diiiiii^^ thr slirpni};. and for disti]lrr\ 
malt** it Is a roininon piattnr to add dilnuin liisulphitr or otiirr 
&nli*a>plir to ptr\rMl thr 4 lr\rlopinriit of liQimfiil iiiido orgaiiistiiH 
For lirrurrN malts thi ir is Irsa iirrrasit) to iiw' anlisrptlrn, iM'rausr, 
afNirt fioni any rUn i nhn h thr hul>M'i|ii( nt kiliiint' ma\ ha\r upon 
moulda and hurtma tJirsi> organisms arr drstnivisi latrr on. ulirn 
Ihft uiirt H lioilrrl and hojiprd , ulirn'na nntlirr boiling nor hojiping 
U riHtuiml by distillns' uorta 

The atre|Msl hailry is next ciairhfsl/' that is, Hprrad out in a 
frame, or in a lr\rlhsl lusip a bait or more in drjitli upon thr malt* 
hoHK^ floor lirrr it iM^giiw to grrminatr It ahsorliH oxvgrii aud 

D 2 
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* off (‘afboK ilioxidc*, the teiiiiieratUFC (‘oinnicn(‘e«i to rise; 
oiul the Hiirfaee <if the e(»nm shouM nn ■oxiH)uti<m of moisture 
HHentin^ ") The ^niin is tiiriUMl over now And (hen to aerate it 
and (o (i|iiA)iHe the leiutK*riitiin‘, and pn^mitly. as the growth of 
the emhi^;sci |)nK‘<MKiH. a Hinnll, white ro«itlet apiteant at the r^nd of 
the rorn ('ehittinu") When the teiii|H'mture n^Adies 15^ to 
17'.tile roiieh oi hea[> is d(»uii and spn'nd into a thinner 

layer, Milling in depth aeconlmg to the houMm of the year 
('* il<M»iing ") Whilst the grain eontimieH to germinate it w well 
turiu'd oxer txxo or tliiH* turn's m ilay . and uheti the growth has 
pmcssHhil till enough the hea|i is hpmul uion* thinly, to allow of 
the grain giadually drxmg or ‘ withering" Should (he diving 
In* tiK) rapid, hpruikliiig with water la ri'sorteil to us u lorii'etixe 
The neeesHity lor this is shown h\ the riHitlets iNssinung llaeeid 
before HUllii'ient growth has hiM>n olitaiiusl, and the amount of 
giowth ia jmigisl hv the diatanee to xvliuli the “ aeiospili'" or 
plumule " tile leallet pail of the >oung ]>laiit Iuih pushed its 
way under the husk tnun the has(> towanls the apex ol tin eorn 
The leniperatiiie is not altowist to list' alioxe too 

When the pioee-*s of xMthennu is lomplete the iinKhiet, now' 
known as “grtsm" malt is lemoxisl to the drying-kiln, iinh'ss it 
is to he iisisl in the green stale Here it is gnidii.illy diusl mine 
eompletely, lirst at a low tem|N‘ra(iiie (27 to IlH ), ami exposist 
to a current ol uir The (em|NUutiiie is then slowly laised until 
the r(H|iiinsl ilegns* is leaelusl at w'hidi the malt is to Ih* liiiishi'd 
thiH may xary fioiii almut (k)'’ to 88' or exen lit) , aeismling 
to (he kind of kiln usisl and the variety of malt nxjinred This 
o})crHtion of kiln-drying usually iK'eiipies thus' or four ihiys. 

The length of time during whieh giTinmatioii is allowtsl to piixassl 
tleiiends upon the purpose for whieh the malt is ns|uinsl Malts 
inteiidisl for hiewing an* left on the "lliNir" for about seven to 
ten days ('"slintt '* malt) Malts for distilleiy and vinegar iniikmg 
pur|sMeH im* allowed to germinate nuieh longer alsaut twenty 
days in order to ]inKhice inon* diastasi' (*' lung " lualt). 

In ** pneumatic '* malting, the esstmtial feature is a systematic 
aeration of the malt during the gt'rminatmg stage by imsins of a 
enrrent of air whieh, jiossing Uiruujdi a spniy of water, warm or 
eold as desireil. eun 1)0 n*gnlati'd as refpinia its inuisture and tenipera- 
tiire. The steeiasl grain is eontaincd in revolving <*yUiulerb through 
which the uir-eurrent is IikI * thin docs away with the necessity for 
hand-labour in " turning " the grain, and saves much floor^paee. 
Tlie plentiful 8Up))1y of fri*sh air, itsi'lf more or less purified by the 
WMblng it h.<ie reeciv'od. ke('i>s the malt free from moulds. 
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A R Uhk' hail HhoHn that when fn^‘n malt U k(>pt fin* hoiiio 
houre at a ntage where it HtiU etmtaim* from Itl to l.> ]ior (thI of 
moibturc. eomhinaticm (K*eun« l»etwtH>n the iiininoM’iHU|MmnilH and 
the enrhohydreteH eoiitniniiig fre<' enrhon^l groii|is, and when 
the proihu'tH an* heat(*d in the tiiial itap's of kihiing*the) an* 
d<><*oin]MNH*(l, giving riM* to eohmnng and llaMMiiiiig i.mtteis 

Changes which occur during germinatioa , Wv 

owe to Bniwn and MorriH the lii>t • 


satihfac‘tor\ exjKisition of thepriiui 
|mI (iieiiiieut ami nioriiludopeal 
ehangen whieli go on in the 
gram (hiring tin* (‘ar 1 > slap*s of 
gi*riiiiiintioti Thes(‘ lnH‘^tlg.l(ol^ 
MikIkhI ehieliv the (>aiiMihvdrate 
(oiistitiienth of the gi.nti uiid the 
iii.uimT III which tiicM* wire tiaii*- 
fonm*d, n*iid(*ied ussiinilahle In the 
gniwing |ilaiitl(*t and tran>r(‘rred 
lioiii om* ]Nirl of till (oiti to 
another in siihserving the plant let's 
iimls-^ Litci Ihowii and Kseoiiila* 
furthei elahorati'd Miidii's ' 

and still latei with otln'i (<Mdjii 
tors (\h Mullen and Millar) evteiidid 
them to till* iiuesiiLMlioii of tin 
tninsfi»rniation and niigiatioii ot 
the piotciii (oiistitiieiits of the 
giani * These n’searidies are will 
worth h‘adiiig in the oiifiiiial 
aeeouiils h\ those nilcreslcd all 
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that can he done hefi* is to give a 
abort siiniinarv rd the e)ii(*f n*sulls 
m M> fur as the;i are p*rin»iie to 
IireHi'nt pMr|H>s>.s 

The mam hulk of the lNirle\ 
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corn conaista of the ataruhy endoapi'mi, which im it'MTve 
material Ker\'ing to nouriah the develojang einhryo until Huch 
time tt.s the hitter, having put forth roota and leaven, ia 
in a jKMtion t4» ohtaiti its own iiiitnmcnt from the ooil and the 


^ J. A'or C%m hui . im {?, 1(|31. 

’ “RoMWTtrhi'H(Ml IlielirrmtiiiUwti cif mnnu of Itw 7 raH«.<VA'iii, 

Soe.f 1890, 57* 4.'»8 rl * Pnt Ho^f Sor , 16!I8. 

* rnuw. tftonneM lUtearch Laboraforif, 1006; pl>< ii, S64. 
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uii TIk* 1‘iulii'vo itM'lf i;* Hitiiatfil nt fine end of the corn It u 
not 'linn luriill.v umneiliHl with the endf^sperm, hut oidy m clooo 
}«p)>owitiiiii to It. kept III pliiee hv the iiite^iiiiieiit uhieh surrounds 
hnlh Hut till' ehdos|K‘ini h ii luird. <oiii|nu '1 iiiiims , the stnreh 
(rrariiik 'iMie |fi(( kt il ti^ditU in tlu* eiuhisiH'ini eelU , and these (*0111 
theiiiM'lvert art' in\es|ed uith a eelhilois<' iiieiiihmiie. the 

(*<•11 ualU The (jiiestinii i>. (\actly Inm arxl in uhat form, diM'M 
the haid »Jai(h\ iiias'' reath the <)e\(‘lupin^' f^eim t What an' the 
ehaiiues uliiili aie itiMiked in it. to allow ot its la'in^r transported 
from one part ot the < oiiijo another, and to aiiue in sm li a eondi' 
thill that it (iin he alisoilieil aii'l assimilated h\ the yaiiii; )ilaiitlet * 
Till'S*' ale the ipieslioiis to wlileli tih' lll\eslipitois aho\e iiientioiml, 
with olheis. ha\e in laip* mea'>iiie siipphnl the arisui'r 

The ]airt of tlie eiiihno uhieli is in eoiitaet willi the stauh\ 
endos|H'iiii is a soil ol isiitition wall, a eelhdai stiiatuie known 
as the anihltuHi, whii h heais on its sinfaei a leitniikahle r fnlh/hiiM 
eontaiiiinu a ]a\er of elonualed (tohininai) lelU teiniul till' 
Htrutfin/ laifii Mso, Miiioundinu the (ndos|H'ii]i and in lontait 
with the slareh cells tlieie is a kuer of tissue (‘oiisistiiit! of htpiare 
1‘1‘lls. aihl known as the nUinunt htfo When nioistiiri' is ahsoila'i] 
h\ the pain and pMinination eoiiimeiiees one of tin eail\ diaiip's 
Ih the stH-n'tioii in pait li\ the seiitellar epitiM'liuin and in |>att hy 
thealeiinaie la\( r of an eii/\ me rt/hist . wha h is i .ipahh'of attiu kin^ 
the (elhilose walls of llu siaidi cells ,ind eillu'i destioMni; them 
eoiiipliti'l\. or at lea-t paitl\ liissohitiL' them and leride'iiiu them 
M>ltei and iiKUt' piiniiahle to lapiids This eii/Miie {'ladiinIK 
illMides the whole i>t tin eiid('s|)eiin disiiiteeiatlMu tlii' lell walls 
and Ihns prodmnm what in inaltim;. h le<hiitealK InnnsI the 
" niodiliiation ' of the endospenn, h\ wlinh the eorn is tendered 
nieal\ and fii.ihle 

TheM'litellai epithelium moii'(»\ei sis'ieti'sa \et moreiiii]iortant 
eiv/Mue, naiiK'U inHj/hitt (diastase) Hrown and Mon is were able 
to denioiisliate this i>\periiiieiitall\ hv n’lnoMiig the emhrwi 
eiitiieU fiom the haiK\ eoin. ami (ulll^atln^ it on uelatin inipieg- 
nated with atan'h, and on other mitt lent media <hie or two Upieal 
extHTiinents out of a lame uumU'i iinnh' iiia\ In* (|uot<'d here 

Kir»t, It was shown that diastase is sirreterl hy (he ffnnving 
einhrui Kiftv enihisos wen' nninned from harlev eoma and 
p'rininati'd on moistein'd Afxer (snmiii); for a time, 

the emhr>os were miu'eniti'd in a suitable volume of water, and a 
deniiite quantity of the Inpinl was allowed to net upon a aolntion 
of miliihlt* stareli If diahtase were prc'seiit it would convert some 
of the stan'h to iimItoHc, and a meaHure of the amount could be 
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obtained by weighing tlie copiuT ovide |mTi|iiOtti;<l uhrii the 
lH|nid WM heattnl aitli an alkaline en|)|NT oulplmlr soliiiioii Hie 
tubil diiiatatic of tlieM* nfl\ einbnoM Avas thu^ found to 1 h> 

n*}»r«‘M'ntHl by US iiiilligianih of eupric oxide, and of nnoilier tifly 
germinated on gelatin, Hilt niilligiani>>, uhen^iis llii> dms^tiilie povici 
<d n Himilai number of uwfniininhul embrvoH i\,is found to 1 n> ati 
or \er\ siiull. onl\ 5 iiiilliuianiH ot uipiie oxide Inmiic obtain(*d, 
and tliih i|uanlit\ uaa )misv||iU within the linnta of ernir undef the 
eoiiditioiiHot the ev|)«*iiment OuHiIm* h.id theietoie lH>(>n priMliieM 

III relati\el> huge quantity ni the eiiilii\os during their germniii' 
tion 

Also it w.ih shown that tin powei of mi teting*the diaslasi' was 
loiiillsed in (he Miitdlai epitlieliuni t‘ol on teinoMiig the latter, 
and (iiltualino the emhuo on siiiith ui'latin it w.is loiiiifl to have 
ItKi its powii i»l disM)l\ing tin* ^lat<h ui.inulrs This was not due 
to tlie einbivo Ii.i\ing also lost lU )miwit of giowtii. lasaiiM* the 
einliivo depihni of Its r{allielniin as before still gii'w leadiK when 
instead of staoh was imliidid in the eultiire inedmni 
The itioiind tissue of the siiiti'Ihim uaild absorb the Miliible anil 
leadiK assiiinlable sugai . but in the absuae of the epithelium no 
diast.ise was piodinisl and i'oiim( pient1\ the iiisoliilile standi eoiihl 
not he altaihid and dihsohed 

In.iMastx tlieiefori' is elahoi.titd \t\ l)ie stiilellar i‘]iithelliini 
diiMiig the giowlli of tlie entbiNo It attaiU tlie staieh of the 
eiidos|M‘ini and leiideis d Miliible m> that the piodiiels lan now 
difliise thiiaigh the w.itir pieMiil and naih the einbr\o. tiiiTe to 
MT\e as ahinent ioi the \oinig pl.iiil 11ie allaekmg of the stari'll 
lias Iks'Ii fadhtated. and indeid made possil.le. bN the pri'Moim 
Mifteinng netion of Ibe (\tase on the stanh (ell walls, Uh Ibe latter 
in tlieir iioinial state* an' not pi inn aide to the diastase > 

By exjH'iinunis on somewhat snnila? lines to those deM'iibisl, it 
lifla tuither hmi shown that duiiiii; germinal ion there ih hIho a 
transfereme of a |Mr( of the tnlitH/itiout eonstitiniils of the barley 
gram fnun the eiidos|H‘riii to the emhiyo n'hiis in bailey wliieli 
liatl been on the malting IKmu fm mm d.i\''<, about one third of 
the total endospeim nitnig<‘ii was found to ha\e inigratisl to thu 
oinbi,\o Then* is. in fait a de\elopmeiit of fmitrtilfffir. fitufpne^i 
((lopiase and tr\ptas(‘) during geriniimlion. ami thewi convert a * 
priqrartion of the insvliible pniteiiia of the giain into Himpler 
Aubatanres, sueh ils protcoaes, fieptones, and amitio-acids Thcfie 

* Sec also Miuin Mid IIiu’Imi <m the " Morphnlo|i}’ nf the Biirley Oram," 
V.S. Ikp. .4yr. IMl. So 1H3 (1913) A rei>nnt of this m Risen in J /nW« 
Bitwihq, 1916 , 22 . 73 
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, protcHilytic cQxytiH'N, then* in kikmI n>flw)n ti> iK'lievo, are, like the 
(liaataHo and r^taw*, wK'rftKl by the scutellar opithi^lHiin 

The* aiinph^r pniduct'* mtn ^xhich the protein is c^unverird are 
Holuble ill uut(T. and hence in limit there is a larger pro|K)rtiun of 
Holuble rntrogenoiiH hiKlieh tlinn in the original barlev. m fiu't 
ni'orly diHiiile iim iiiiieh ThiiN Hutigeiier and Kiiei^ found the 
**Miluhle ” nitrogen in a H|N‘eiiiien of liiulev to iio pr cent, 
and in Ihe^nalt made from it, 0<14!2 jnt e<>nt TJie total amountn 
of riitn^en in the hurley nn<i niiilt nere 1 bit and 1 TiH |M*r (‘ent 
n‘a|H‘etivel\ The importt|ini‘<‘ of the production of holiihle nitro- 
genouH eoiii|Kiunds dur:ng malting lies in the fact that they paxH 
into the uort ulleii tlu‘ miiU is iiiuHhed. and senn* as nitrogciiouH 
niitriinent hir the \eust duriiig thi‘ Niihsisiiierit fermentation 

Summing up, then, ue find tiiat during the germination of hiirlev, 
enaymcHof thns* classes an* set letcd h\ tlieeml)r>e (I) a ei Ihilose- 
ditwolving cn7.\iiie ry/^/w, ahu'h aflai-ks flic ualls of the Ntiin'h cells 
and niaktst them |KTmeahle to diastase, (2) ii dinstatic en7,uue 
maihamijlaw or fhtn<lniir, uliidi eiin (oiuert stiireh into sugars 
and other soliilde matters, ami (II) pn)teoI\lie eiiKMiies, 
and trtfiilttw, whieh eoiivert a portion of the insoluhle piolcins of 
the gmin into simpler, .soluble nitiogeiious suiisiniiei's llv tlu'si* 
means the >\hole solid eonteots of the etidirspena (‘an he liroken 
doum and iitdisi'd h,\ the Muiiig plant 

'‘The art of the midlhtei.'' Dr II T Mnmn reinaiks. ' lonsisls 
in dirt'eting, eo-ia'dinaiiiig, and iimiliiig these tialiiral ))h\NiologHal 
pnM'csK<‘s of inteiaction hetueeii the .'iiihiNo and eiidos|K'im. and 
making them ns iar as {stssihle suhs4‘r\lent to a jiartnulaT end " 
- iiRineU. the pMsiiiclion of a ftiahle malt, uliieh uill ui‘!d the 
maximal amount of extract of the right com|K)sition for the special 
pur|K)s(' in vicu 

This purpom' is not the same fot the distillei as foi tlu‘ hn'uer 
It has alr<>ad\ las'ii mhui that the foniier list's “ long *' iiirdt, uhieh 
has lH*en germiiiattvl for a iimn* exteiidiMl pcnml than th(‘ htewors 
“abort" malt, and has thendort' pnaluciHl mori' diastivse The 
aim of the distiller is to pnaluce alcohol. that of the brt'uer is to 
make a hcvemgi' ahieli contains as essential iiigrt'dicnts not only 
alcohol but otluT siibsliinetMi dcrivt>d from atiirch, namely ilextrins 
and malto-dextrins Thest* impart " iKsly " and {Hilate>fiilness to 
thtt b(H‘r. and provith' inatorial for the secondary ftTiiienUtion 
which it undcigot's in the cask In fact the thivoiir and chomt'tor 
of lM*er dt'iamtl ((iiilc as much on the pn^semt* of tinfeimented 
dextrina and other extractive matters as they do on the ftTmented 
alcc^ol w'hieh the beverage cuntaina Htmec the brewer doee not 
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^an^mpU'tply to C'onvorl all tin* Ktanli of hh ^rahi into Hugar* 
hia ttW muat not be iihoU\ fenuentublo Tli^* brpacr'H iitalt in 
thprt‘fori‘ not gf^nnfnated to {irtxlm'e the niuxiinuin of diaKtaw, 
Atui moretmT it is hi'iitod <m the kiln to o which 

dcatrovK tnurh of the duHtoM' that hiis hmi formed (hi the other 
hand, the distiller wiNhis to coin crl the u hole of hi^ siarclii iiiaterial 
into alcohol, uin not mi coinerted ih inch' loss He looks ii|Nai 
Ills malt iih, I'HMmtiiiily. a mmiicc (»f (haM<iM‘. umhI fo^lhe )air|M'H(' 
of transforming the standi of raa ccrt‘.ds or of |M)tat«H*s .in (‘om|iletcty 
as fioiMihle into fernientahle sugais « 

llciicc distiller) malt*, aie iisiialK gera.mated long enough to 
jinKlmr the ma\ninim amount of diast.w', and aie pndernhly 
Used as “ gn*en “ malts or if kilmd at all onl\ at the lowest 
]iractieiihle tem]N*ratuie The higliei tlu' tempeiatiin* ii«h! in 
(IfMiig the malt, the gicater is the loss of diasjatie power This 
Is es)H'emlK so it the liisit is applied too (|iii(kK while the malt 
sill) contains much moisture , lasaiw* diastasi* when moist is ver\ 
M'lisitne to the action of lu'iit (ins'ii iiuilt howexei. eiiil only 
he cmplovcfl to a limited ext'iit foi making malt wliisk\. since the 
slNN'ial (la^ollr of this is due mamli t(» (he use of kilned midt In 
distilleiies which make com|iiessed \east, too a proportion (d 
kihiefl malt is ein|)lo\(Ml 

(lidinatil), the iliaslatic |>owei of gosm malt is fiom lit) to 
llM (liintnei s stale) in laewerx malts it is iisliicf'd hy the 
kilning process to less than oiii'loiiilh ot this amount, rniighig 
gcneralK from 20 to to |)|siitler\ malts, and also iiiidtN iimhI 
hy \Illegal'm.ikers. ha\e u>uall\ a diastata fiower of HO' 
upwards 

Oiastatic power of malt c Luiiiht miIuc") Tbu, 

IS deterininefl in a eon\enti<>nal manner h\ allowing an extraet 
of the malt. pn‘]Mited iindei staiiflard coiulilions to ael u|Nm g 
2 {MT mit solution of sttliihle staidi tor an hour at 21*]' (Ttt*^ K.)* 
Theqiiaiitil) of starch inn\erled is then esliina(e«l fnnii the volume 
of the eoiirertetl liquid rci|iim‘il to ihIiici* a given volume (5 c o.) of 
FehliiigH solution S«) long .'lathe multoHe imaluced doi'aiuil exccod 
4o |KT cent of thi* starch ustal this maltose may he taken a 
mcAHurp of the diaatatic activity of the extract (Kjcldahl) Tho^ 
mor/u4 ojHTtiwti rccommendefl b\ the Malt AiMlysis (Viininittec fif 
the Institute of Bn'v^hg is as follows * 

Twimty-fiv'c grams of ground limit an* extiAct4K] with .501) c.r 
of pure distilled water for thnx> hoiira at 21 1 and Hltenxl Thn 
fiwt lOU cr of the filtratn arc rejcctwl <)f the iM-rfcctly bright 
1 •). Intt Brewing, 1000, IE, 0. 
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•nwidual liltra(e» 1 r (* nro uIIohkI to art on lOd v c of u 2 |M*r mit, 
fiolution ot Holiihic Htarch at 21*1 ' for an hour In a 2<M> rc tiaak 
Ihiinoruml iilLali (10 c c ) Ih Ihrn mhliil in onkr to hUi|> furllior 
diiwtatir action, the liquMl iHMihil at iimdc ti]i to 2tN) cc 

with <listiUc4l mitiT at tlu* HAinr tr‘m|»*niliiH\ acll !<liak(‘ti, and 
titratinl a^ain^t 5 c v portions of KchliiiK'a sidiilion, ferrous thio¬ 
cyanate Holiition iH'int; iihikI as indicator 
The method of titration (liing) in carru'd out in the followinft. 
maiimT - 

Five e c (»f Fehlin^'a solitjion (24 (>4 ffniiiis of < ivstulliM'd coppi*r 
Hidphate, 70 grains of Hodiiini h;^dn)\Mle. atui ITo ^mnw of MKliiini 
potaKsium tartiate!pei liln*)an*aeeiiratcl\ ineasiiieft niton loOee 
hoiliii}; flask,*iind laised to hoilinf{ over a siiiall imkiMl Biins4>ii 
tlaiiie The converteil standi sohitioii is adiled fnnii a liuictte, at 
lirat in siimll qimiititie.s of alM>ul o ec, the inivtiiie heini; kept 
rotated and hodnl after each addition until nsiuclion of the copper 
Halt Ih coinpleti', which la atn’ertaini'd h\ rapidiv withdiM.iin» a 
drop of (he liipiid w ith a t'lasH rod and hi ingmg it at laii'e in i oiitnid 
with n drop <if th(‘ indi<‘nlor on a [loreelain or opal ^lass Hlali 'riieii 
if r tlenotes the tmmiMT of ei* of the converted Holiition ie(|iiire«l 
to nMliiee the o e.e ot Feliliiii''N lupiid. and if the iiiiml>«>r of ee of 
iniili evtrai't (‘oiitauied in ItKi ee of the same converted solution 
(200 e e ). 

1000 

IhaHtatK* power - 

‘.V 

A itraviinetrie inetluHl of detenninini' diiiHtatit uttivitv has 
l)oi‘n proponed hv Shennan, Kendall, and Clark,* which thev slate 
iH eapahh* of ^n'liter iieeiiraev than lantnera iiietlKKl 
Solubls starch can he prepansl hv vnrioiiH inethtHls Lintiier 
nhtaiiied it hv allowing potato Htnieli to naiiiiin in contact with 
7 5 (leriaait luflroelilorie acid foi seven or eight davs llrowii and 
MorriH, using 12 per (S‘nt acid, ohtaiiuyl a Hiiniliir piodiiet in 
twent^l-four hours Standi thUH treat(*«l, and wiisIuhI flee iioiii 
acid, diHHolvi'H in hot water without forming a visidd paste To 
prepan* it l\v LmtnerH inethiHl for the fon*go]iig determination, 
piiritifd (Mitiito standi m mixed with almiit twu'e ita weight of 
hyilrm'hlorie aeid, ap gr 1 027, at the onlinar> tem|)erature 
(lO'IS*'), and nitowi*d to net for seven days stirring up cvvry 
day. The aeid is then ))ounHl off, the standi w iiahiHl very thoroughly 
by dwaiitatioii with water until fni* from aeid, filtered on u Buchner 
ffitcr, and drained ah dry as praetu^ahle at the filter pump, then 


> J Amer t%m.S^>c, 1910 32.1093 
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sprrail on a new ptmius pint*-, and dried tm qiiiekly dk fMiwilile at 
a t-emppratun- <if alwiit 4:i The htanh m then tri(uni(t*d in 
a popcelain mortar and nilihi'd through a line hair nie^e It in 
diHHolvi'il in iMahng water m the proportn n of 2 grains |n‘r ItNI e.e , 
and (ooled to 21 I" for use in the 4'\|ieiiiiient a« aho\(; tlesenlH'il 
Tlie aolution hliould not he ^eI,ltlnn||s, ^hould he neutral to litmus, 
and should show oiiI_\ n iieulif'ilile iisliirlinn «tf r'ehliii^ s MilHtloil, 

If the malt is found to ha\e a diaslatu' |Niwer lAeisslin^ r>0, less 
than 3 ec. of the malt extraet must he taken, and the e\|M'nment 
re|NHited 

Altenmti\el\, tin* ’ Ijiitiiei Mihie '*of mall is often determined 
h\ a eom|uir<Ui\e seius of lest liihe ('xpeiiinintH lairied out as 
fnllouH Kijjht or ten eleaii test hihe'> *4 ahoilt 2 eiit lllleimil 
diametei, are ari.in^ed in a stciiid siiihihle fot pho in^ in a water* 
liiith In ejuli of the liihes |0 i r of llie 2 pel eeiil solution of 
soluble staicli ai(‘ pUeed. and the tein|H‘ialiiie hniuplit to 21 P 
h\ iinineiMn;: the sl.iml in a h.itli kept at this teinperntuie 
(juanlities (if tl I 0 2. 0 3 ee of the mall exliaet. pnqiand 
as alieaiK deMiilH>(l, ,iie niii into the lubes, si that eaeh tube 
rirei\(*s 0 1 e e more tli.iii the prefeditiL' one The tone is iiolcsl, 
the eoritents itf eaeh tube well nii\ed and all are kept in the laith 
at 21 I for e\ae(l\ an hoiii \t the end of this ix’riod o ee of 
l*'4‘lilin^s soIuIkui are nii\<d with the (oiiteiils of each tiilH* 'Hie 
whole are then healisl in a boiling water Iwlh for ten ininuteH, 
and allowid to settle In tin H-nes of tubes then* will usually be 
found some in which the siqrai ptodiieisl has been iimunieieiil t4> 
reduce the whole of the FehliiiK's reattimt, ho that the mijKTnntant 
liqiiid Is blue and also othein in which the reduction ih eonip1ete» 
ami the liipiid is (oloiirless oi mMow In partieuliir, two nei^h* 
lMiurinf{ tubes will he found one .showinu umler-iediielioii and the 
other exact nslmtioii or o\ei ndiielion, from which the quantity, 
J. of malt extrart just ne(ess.ir\ for the lediution eun lie judged. 
Then, takinj; the diastatic power of ti ] e e of malt extract (1 to 20) 

01 X100 

an ItM), the diastntie power of the sample is ^iven by ^ 

From this xaliie I 3 is disliieted on nerouiit of rrxIueinK Rugara 
in the rxttftel 

An *' ludine nietluMl '* of determining diastatie power ih descrihed 
by iSh^rinan, Kendatl, and dark ' 

A standard starch iiaste is preparetl hy suspimding a quantity 
of airdry fiotato stareli. (spiivaleiit to 10 grams of anhydrous 
starch, in ItK) or of cold w'ati*r, tliia HUH|M'nHinn is added to a 
* J. Amcr Chfm *Sor, 1910,32. 1073. 
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^i|ttantity nf wabr, Hufficirnt to iiutkr up the total rcjume to 1 litre, 
whidi has nicanwhile lioen heated niiarl.v to koilin); under a reflux 
condenMT; then the whole la boiled (or two huuni under the 
eondonaer, and allowed to oail. 

Portionii of 2M f!niiiia of thia atandard |iaate (=25 grama of 
anhydrous atan'h) are plueial in flaaka of 35(1-4410 ee ea|)aeity 
immersed in a water-liath kept at 40', and the desired amount 
of till' enzjine pn'|iurntinn introduenl togetluT with 20 e.e of 
water. The eontenta of the flaak are well niixeil, and digestion is 
eontinued at tO^ until 0 25 ee of tlie mixture yields no eoloiation 
with ,5 e e of a htiindiinl ildute iixiiiie aolutioii Testa an' made 
with varying iiniotiiita of the enzyme aoliition until (hut amount is 
found whieh* eompletea tho eoiiveraion in 30 minutes (+ 1 
minute) 

The dmatutie power is expressed ns the weight of stan'Ii (2 .'i ginms) 
dividml by tlie wi'ighl of eiizynie pre|mralion nspnnsi to digest it 
under the pH'serilssI ronditions 

The iodine solution is preparisl hy di^-olvnig 2 grams of lodmu 
and 4 grams of |Hitassiiim iixlide in 2,'i(l ee of w.iter, and diluting 
2 e c of this solution to I litre 

The values olil.sineil are. veiy roughly, alioiil time times the 
valuea given liy l.iiitiier’s iiielliod 

Extract value. The pKss'dnn' reeniMiiieinhsI liy tile .Mall 
Analysis ('omimltis' iiienlioiiisl aliovi> is as follows ' 

Fifty grams of the gniiind limit an' maslieil in a Is'.ikei of ahont 
."•(Kl ee eapiU'ity with 3H0 ee of distilled water preiioiisly healed 
to (17 M-tiS 3' (l.'it-l.V)' F I The Is'iiker is isnensl with a I'ls'k- 
glass, and plaeisl m a waler-hath, so that its loiiteiits an' kept at 
a temperature of (15.) (l.'iO'’ F ) for lifty-live mimites The mash 
is stirml at intervals of about ten minutes dining this time The 
temperature is then laiMsI to liK3 'diinng live mmiites. and the 
whole mash wnslusl into a Hask grndmited at 515 e e (The extra 
15 c.e. is to eonipen ate for the volume of (he " giains ") After 
being eooled to 15 5°, the eontents are made iipto the mark witli 
distilled water at the same tempcrnture, well shaken, and filtered 
through a large rihixsl jiaper The specitie gravity of the liltrute 
is then determined at onee, at 15 5° rom|)ared with water at 
‘that temjierBtiire 

If prrferreil, the mashing ean Iw earriew out diri'i'tly in the 
515 e.e. flask In this ease, the mnsli .should Ih' shaken nt imervah 
o' alsiut ten minutes 

The e.xeess of the sjin'ifie gravity over that of water (taken as 
* J. IhH. /frctmnj, lOUfl, 12i S. 
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1(100), inultii>liiil b} 3vl(l, (jiviK the rxtinel \,ilue,iii bn‘werK'lb« 
piT trtandanl qiiartiT of iii,ilt 

Determination of starch, etc., in distillery 
materials. Three i;niiiis i)f the ((roiiiid ^niiii are iK'atril in 
a ]ireaiure bottle with :|0 ei o{ uater and 23 ee. of n>l |M'r eent 
laetie aeui aolution for two hours at I.Vi The liquid la now 
eiailed to 70-S0‘, and shaken up with .VI ee ol hot water, then 
eiKilnl to the ordiuart tenqa'ratiire and made up to J.'iO e e The 
llask ia shaken well several tiinea durini' the lauirse of half an hour, 
and then the lupiid la tilteieil To 2||(l ee of the liltrate l.'i ee 
of hvdriH'hlorie Held (sp |;r I I2.'i) aie added, iiial the iiiixtiire. 
heatiai for two liouia iii a IhiiIiiik walei hath iliiiler a reflux eon- 
deiiaer After e<adiii|; the solution, il h iwnrlv neutralised, and 
inaile 11 ]) to .Toil ee The dextiose in 2,") i'i' of this is eatininteil 
ftniMnielrieallv with KeliliiiK's eojiisT solution, and the naiult 
innltqiliial h} Oil mvea the (Oiieajioiidini' (|Uunli(,( of slaiiih and 
other fernieiilahle niaterial (Keiiike) 


yi;a.st 

The M',ist-|ilant is a iinieelhilar veKetnhIe orKaiiiain without 
eliloniphvll. Iieloni'ini' to (he Keiiiis Kiifthniimijri^ (Keeaa). Ninea 
(hev eonlani no ehloiophvll. the u-asls, like oilier lungi, eaiinot 
ohl,un (heir eaihoii liy deeoniposini; earhon diovide On tho 
eontrarv, thev nIalMaate this gns and evolve it, alisorhing oxygen 
.It the same tote 

Onimiirv hiewei's yeast seen under the iiiieroaeiqa' la found to 
eoiisiat of vfilierieaf or ovoid cells, either free or united in aiiiiple 
or hranehfng rows These rows are pnalueed by the hudding-off 
of daiigfitcr-eellH from a single (lareiit cell, and as this ia the ehiel 
inethflct of rejiKxliietioii, the yeasts arc classid among the “ budding 
^Inngi " , hut they are eajiubie alau of rcpmduetion hy the fuimation 
of sjiorea Tlie gimua Sarehnomyeri, in fael, is leatiietcd to 
oigamsins which ran form sjiona • 

For teehniral puqxisea, the yeasts may be divided into two 
groups, the '' cultivated " yeasts and the “ wild " yeasts. The 
first ineludea those whurh have been used fiuni time out of mind 
in the operations cil hrewmg ITiey belong to one aperies only, 
namely, Sacekaromucfs eereinsia There are, however, many races 
and varU)ti(>s of this species, differing quite notably in certain of 
their properties, surli as the degree to wbirh they can carry on 
fermentation, the rapidity with which they can bring that process 
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^bout, and the, (liivtuir of th(< pfCMliU't ohtaim'd thendiy Of thm 
" rultivattnl ” then* an* two main tyiM'M, onr known an 

"top fiTini'iiiiition " ycHhl, lh(> otluT hh " iMittoni ((‘inuiitatiun'* 
youHt. I'Ihiiu an* ho calkHl Ijecuiihe lhf‘ foniicr hhch and (‘ullcetK 
on th(* siirfaiT (»f tho fmncntm^ lujuid. ulirn^iiH tho lattiT falls to 
tlio bottom *' Top ” yisisl ih tlio \ani‘t\ uhihI in this rountr} , 
M'hilst “ bott(»m " yi-aNt is ciiiplovisl on tbf ('oiitincnt and clKculaTc 
in tin* making; of la^rr " bi>i‘r 

"Wild” grants arc a nutnmaiH t;roup T)io\ oiriir wild in 
natuns and ottrsi on tin* i^irfan* of fruits uh, for instuiirc, tho 
wiiio ^oohIh ulucb an> present on tlie skins of prii|H>H, and winch 
Hi*t lip leriiicntatiofi of the ' must " or };rape'jiilee in the making 
of wine ‘ Ah these wild ^leiiHtHiKeur in the air, they may find their 
way into tlie bn*wer}, when* the\ may (‘aiise mueh iiiemiienieiue, 
Niiin* Home of them an* (dmoxiouH In the distillery, they ate less 
aMoiins* of trouble than an* Imeteiiu ami moiildH, since the lelatixely 
high tem|N‘ratim> at which feniientation is (iirritsl fail is not faioiir- 
abiu to the de\t*lopiiieiit of tlu* wihl leasts 

Classification.- At om* tune llu* shape of the yeastsells 
as H(s‘n under the mieroseo{K* was taken as (he basis of <‘lassilieutioii 
Thua *S' ff'i/eisoe inelufksl those leasts of wliieli Ihe (s*IIs weie 
appruximately Hpherieal. w IiiIhI t hose w ith elliptieal cells \i en* nainisl 
«V ellifMftttiiHM, and those the is'lls tif which had the shape of a 
Nausoge were assigiieiJ to tin* h)hs'I('.s S Ptis/onuMus 1( |^ true that 
the Mha|K*s iiieiitioiied aie mote or h‘ss ehariieteiistK of the resiM*eti\e 
N|N'eies, hut fuitlier study of flu* .itaistH has slnwii that under 
eertnin isuiditions ot eiiltiiatioii the Hhn(H*s of the te la iiia\ ehaiigi*. 
ami one kind of iiMst mai fem|K)iaiili asniiine the forai of another. 
Ifeuee the ehissilifalion hi shape uIoih* was found to he .misleading 
More truMtworthi metluMls wen* worked out h} Jlanseii * *o whom 
in also due Ihe pnie(*HH hi which pine ^east of an,i variety i‘>n he 
obtained by eiiltivation from a single e(*ll of that lariety (sie p 4.'<) 

Having hy this pnHs*ss ohtainisl pun* leasts of diffen'iit kinds, 
Hansen found that <‘Aeh 8|M‘ei(*H could only fleielop s(H)reM lietween 
eertaiu ilelinitc (emia*talun*H. ami those temperatun‘H were different 
for the larioiih kinds of yeast Hi itssignisisl thn>e distinct s]MH‘ii*a 
of spon*-forniingiVffrrArrnfHi//rWe>f, nanH‘l> S rrrfi’wi(r, »V /Worii/nua, 
and *V. flhfmutifNH, the first Is'ing the culfivati*d yeasts, the other 
two wild }i*flsts These could Im' further siilNlfvidisl into viirietiea. 
which were duitinguishi*ti as A' rfirrisoi' 1, S mrrisiri' II. and so 
on. At the following lemiwratun's, no s(Min*H aro fonneil liv the 

* U slutiild be ns’iilHHii'il. lu>we>or, that eertam ef tbo wiiw yrests are 
now letfuUrijr cuhi\wlfsi. 
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HI viirictioi naiiKKl. hut they an- pnaliiml at tciu)itTiitunK intt-r- 
mi'dmtc iK'tawii tin- (■xlmncii gi\cn 
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llip yoH'4t S ftnrutw 1, it uuiy Ih‘ iiicMtionriK Min' iMtliitt'il fiuiii 
a '* top * \iMHt immI 111 iui Kili>i)Mirf;h 

llan*M‘ii iiUo found timt uliui tlinM* hv ^aii(*tn*s of Mvixtu weio 
riitliMUitl nt 1i‘iiipi’iatuM‘s at mIiii'Ii tlir\ loiilt! nil form Hjion*M, 
tlir tiiiu' for thr i oiiiniHimm iil of H|)on* foinintioii uuh 

ditTonmt for tlic Miiioiia oi^.iiiihmin TIun ilIiiMnittHl fur tMu 
toiii|H*ratim''i in tin* taldi Mihjoiiini 
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S)iori> foiiiialion host uluii \oiin^ and Mfroioim ^ciinl in 

Hprr.id in tliiii hiyis on 11 moist MiifiU’c fg, on p>1i(<'s of nirmt 
or jiolutit, or liolh'i. on a jd.iiili r of Puns bloc k hlaiidiii^ in (Jiatillisl 
watiT and krpt at a smiablo l4‘ni|H>rutiiH‘ To oliluin tbo > 01111 ^ 
ci'IIm (ho \iMst IS <iilti\atrd for miiiio timo in boor Moit. and thrn 
a frw diops oi this aic iiiivsi with sonio fn-sb uoit and iiioulmtod 
at 2.'» 2r> fill (\iuil,\-foui hours 

Jf (h(‘n it IS nspiinsi to asiriium uhrthiT u a|N‘iiinoii of onliniiry 
hit'um ' lop" \(‘as1, S rttimui’ I, ih oontuininab'tJ mtli any of 
the uImao (i\o Mild ;^ouslH, the n|m*<.iiuoii may be trslod by firHl 
obtaining a ciiltuio of ,>oung i oils na just dosi nbod, and tlu>ri lindiiig 
the time nspiirod for sjsin* fornialion wbon a lilllo of the oultun* is 
inculNiUsi at II 12 on a plaator of Paiw bliak 

The bliN'k iiMsl for this purjioao Iiuh (ho MliajN* of a triinrati'd roiio, 
and IH phu'Hl m a glass vosw‘l jiroudisl with a oovor To he truat- 
wurtliVi the o\|NTiiiionl iiiiinC Im* made Hith stiTiliMsl upjNiratUH 
The covored glniM \ iMud oontainiiig the dr) block ia tlicn'fore 
mrrapped in iia])or and hisitcsl 111 nii itir-ovoii for liutirH to a 
teniporatiiro ut about 11<1 After isiuling, the |m|NT la reniovisj, 
and the cover rauasl u little to allow of a siiiull ijuanlity of the 
yeaat culture being piacssl hero amt Uiere on tlie top of tlic block. 
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Ilie covrr in thrn ipplati'd ; Mime water, Hteriliwd bjr boiling and 
ftUowail til iiKif. in iHiiiml into tlie vi-shi-I until itn Irvel learbra about 
half-way up the height uf the hloek. and (he nhole iu then kept 
at a leni|NTatun’ of II 12" If nild yeaetH are present, Hporen 
will ap|N'a( before ten days They are reiiigniseil by examination 
uniliT the uneioaeoiH' 

(K the alMire-ineiitioned wild yeasts, varieties I and III of 
H Panlarianux are ohjeetinniihle in Im'uing. siiiee the former 
im|)arts a naiitasiiis. hittei flaioiir and disagnenble lalour to the 
Ikst, iiiid tile latter yeast causes a persistent turbidity, as does also 
iV rf/i/MMidriis II. The aine yeust, iV elliimuleim is not detri¬ 
mental, nor. npp.irrntly, is ,S' J’lutlurmnuK II 

Maiisen uiis utile also to elassifr the SiU'chanimy is-tes neenniing 
to their power of feriiieiitiiig eeitiim sugais He nss^nisisl tlins- 
ty|H‘S ' (I) Yeasts uhieh feriiient nialtosi*. dextrose, and saeeliaroHe , 
(2) those which an- not able to ferment maltose, but ean feniieiil 
the other two sugars, and (2) (liose wliieli eannol ferment any of 
tliO tlins' sugars niiiiied The lirst gioiip iiieluiles the oidiiiuiy 
culture yisists and most oi the wild yeasts, the other gioii|is an 
of only iiuiior ini|sirtun(s< in the priseiit ismiieetion 

Pare yeast from a single cell. Hansen was the 
first to show how. starting with a single cell, iniie yeast eoulil he 
obtained fniiii it in any desinsi i|uiintity \ \ery dilute niixtiiie 
of yeast and slerilisist water is nude, and a small isiition ol the 
niixturo is inoeiihited iiitn a tills' ol sterilised wort containing aboiil 
5 or 6 per rent of gelatin enough to gue a solid jelly when lold) 
(The upjioralus nsisl is of isiiirse sterilised, as in ordinary baeterio- 
logieal work, iii onler to lessen the risk of areideiital (sintiiiiiiiiatiuii 
Thb jelly hainig Ihs'II liipietiisl by gentle warming, and the yeast 
well distributed through it by shaking, a dnip of the lii|uid is 
examined under the inieniseope, in older to see if it is siinii iently 
dilute, and the yeast cells so far sejianitisl from one anothei that 
then' IS no likelihisul of the lesulting isilonies tcmehing one another 
os they gniw Tliis bi'iiig ensiiri'd, by dilution with inun' gelatin- 
wort if neei'saary, a droji uf (he inivtiire is spread thinly over a 
mieruscojie eorer-glasa, and allowed to solidify under an inverted 
beaker (to proteet it from eoiitaininatiun) The glass is then 
plaood, gelatin downwards, on a moist chamber, which may be a 
glosi eircle cemented to a microsen|H' aliii, .'Mid cuntahiing d drop 
of water to keep the gelatin from drying Some of the cclla which 
are well apart from otiirn are then noted under the mirroscupe, 
ami their pusitiun niurknl on the rover-glass. (Speeial glassea 
w..h niiiubervd squares otrlied on are obtainable for this jairpoae.) 
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TV dide » then kept »t the ordirmry temporalure, or better, 
incubated at about 34’'. uulil the odiuiieK nf t'eiuit liam grown 
inflicientl,\ (o be mi'ii bj the nake<l eje Ihiriiig thin iWHini tliq? 
arc exnmiiieil under the ini(nHe(i|H< fniiii liiiK- to time in order to 
make aiin- that tile miirked enlonies - or lit lenM loiiie of them— 



Ki. Ill •%ri’kiiAiis Mill t'Riir’V'ATiMi yi-t^r. 

In tlH> ll|ll)•‘r ktxiMi'l iM'dtiil l>% nn 1111^111 atidiiHtiil tin wort U alrnlupl, 
«lt#i wliiili It lumuea l-i till' ill tlr |iiw<i wli^rr llip lulluri'-VfjHl ii 

niMH ttl't'ii urowih Im« pr>itI hIi tl auiUiIihIIi * |Hii 1 ion of Hit' liiiiilil h 
iiAdft>l iiitii tin bOionil limit vimpI. ,mi<I iit4>nlh'i| wort nm In v* 1••lurr 
VsiiiUt 11 ^ vrnil U tU ifl >|fUii( fu tliU «<ionii vtM'l (lie ioiiti>iitbof th' flrut 
CAM Im' run off to veUbt'iAt- for mu* (lliinit win] Umiiytri 


remain iaoktcd, and ile.nnt get raiitaiiiiiiateil by intinigrowth from 
other colonies When the eoloiues are large enough, a portion of 
a suitable one U remored with a small piece of sterilised platinum 
wire held in foreeps, and the wire is dropped into a Pasteur flask 
containing sterilised wort, which is then kept at a temperature of 

IS 
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about 2S°, ,or altcrnntively at the orflinary temperature. In 
the I'ounui of two or thri'i* flag's, or mon*. u(f*orrljn^ to the temitcra* 
lure, active fermentation will have m> 1 in, anil after a \re<‘k or bo 
eiiou)(h yea.st will ha\e been formeil to allow oi a largiT quantity 
of wort heiiit; “ piteheil " TIuh in itn turn product's a Rtill larger 
ntnoiini of yeaHt ffence, givt'n that pnH'nutioitB are taken to 
prevent coiituiniiiation during thi' cqNTatinnN, any deairc'd quantity 
of pure yi'iut can olilained from the original single ci'll 
SiKS'ial pro|Kigiitiiig apisiratim, dcsigiusl for the preparation of 
a ri'giilar Hiipply of pun^ yeast on (he foregoing principles, is iiihtalk'd 
in iniiiiy hrt'weries und distillericB 
Single is'll yehhts an' cinpheed with good ri'^ults in dietilleru's 
and in niitnerous <’onl mental and Anieii(.in hreuerles, hut (heir 
appliention to English 'Mop feriiieiitatioii his'wiiig lia.s lasm less 
HatiNfaetorv, on Af'i'oiint of the dinicnlty of olitaining a giHid 
tus'oiidary fernieiitalion in caMks when siieli \eiihl is nsi'd 

YcANtH an' Honielimes ndernsl to iih In'ing of the '‘Siiaz’' Uin* 
or the “ KndilMTg’* I\|m* The fonniT teiin indicates \caHts which 
have a lelMiveK aiimll " attemiating" jsiwcr that is, which 
tiHMlins' a low |N'rceii(ag(' of ah'ohol, iihoiit S (nt cent hy volume, 
or 14 |N*r is'iit of pniof spirit , whcri'iis Fn)liiH‘rgd,c (M' yeasts hii\e 
agnsiterattenuuling power, pnahicing about II ]H''r(ent of alcohol, 
or 10 of proof npint Mon' of the iiiiilto dextims an' fermented 
hy the " Knihla-rg ” than hy the " Snny ” t’l pcs of \easl 
Two wrell known \casts taigi'U iisisl abioad foi distillciy fcrnien* 
tatioiiB fire known ns “ Haco II * and * Uiicc Ml ** Thc;^ were de 
vc1o|Hsl in <icriiian\, and hiuo given very g(NHl n'Milts in distillery 
praeths' hv n'iison of Iheir ahility to ri'riiK'iil ra|)idlv worta of high 
Rtn'itgth Rnct' 11 is a top veiist of the Fiolila'rg tv pc, distiiignishisl 
I'hh'Hv hy its largi' is'lls, it is well a'lu)>t(*d for the ferineiitalioii of 
Mtnmg tnashes, and has a giHsI power of n'sintatue to the inhibiting 
elTi'ct of the high pto|iortioii of .ihohol pnaliicisl 'ilie use of a 
qiiick-fernu'iiting veast is odvaiitagi'oiis, iN'caiiM' on accsiuiit of iU 
mpid gniwth it Mippn'MM's ImcteriA aiul wild ,veaslR AIro a dilute 
wort IK rt'klively mon' <s»>lly for diRtillalion thAii one yicMing 
inon* alcolnd in the Miiiie volume. hems' the advantage of u yeast 
which will rApull) ferment the more' conoentratc'd worts 
Mention ma) also Ik* inaile here of the " Annaiu yeoRt," 
S ammen.'HM, whieh haa hceii employed nn diKtillenes using the 
amylo-pruc'CRK (]» 7tt)fnr fermenting mAKlieKHaeeharificd by moulds. 
This ycAHt is espceially uRoful In'caiim' it ferments sugars at the samo 
teniiM'mturc' as the iiiuisirs (moulds) nsitiire whieh are employed 
to Racclmrify tlie mash.mainely at 25-38^ It can therefore be 
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used uith tho moulds, hu that ^R<r)mritH'^ltion aiiil fmnenta* 

tion ean on oimultanoousl^ 'Die orgtimMii u.h Hiilal<>d fnuii 
a iiiktuFo of Mild found on (he Migar-f<itu> m ('orhin (liiiui 
ItM (rliri an* normally o\nl. (hough Mum* Kinall. oplierienl oihh may 
he |)n*ien( 11ie optiiiiuiii (emjKTidun* for hjion* fnniiation ih 
3!)' at Mhieli (em|N‘ratun* sponw form in nine hours. the hmer 
limit of tem|MTa(nie U 12 with lift\ hours .is (he lime of sjMin* 
foriiintioii. ami the iijiiii'i limit 3.V. Mheii tuehe lioiirs an* 
requiHMl for the priHluetion of s|Hin*s .S' amttmHH'* ferments and 
OsslinilutiN dexlKHe, la>\ii]ose pihicti^sc, mkioso. mnliost*, 
and luilinoM' IjietoM* is ussiniiluti'd. hut , onl\ slightl^^ 
feriiKiited ‘ ’ , 

To jiroduoe nleoliol in qiinntit), u*ast must not onl\ li\(‘. Iiiit 
gnnv *' AI(H)h<»lie feinieiitation iieier nuiits without simiiltaneouH 
org.iniMiliofi. de\tlo|>meril and iiiii1ti|ilii.ition of lells, oi the 
eontiniiist life of eells alreadi forimsl '* (Pasteur) Suituhle niitii 
meiit must iheieftiie lie supfilied mi that the tells ma\ iiiere.iHe ami 
miilti|ih \Vh.it ui suilnhlt* nutiiiiu'iil foi xeaiit f A knowlnlge 
tif (lie siilistaniis ahith go to foim the tissiieH and tsmteius of 
^l‘as( (fl)s Mill jiartlv niis\i<i the fjiirstlon, ami (Iih liriiigN us to 
a (sinsideration of the tlieiiiieal eonslitiieiits of ^e^st 

Composition of yeast. A notahli* featim' of yeant in the 
largt* ]>roj)ortion ot nitiogeiiouH siihst.iiueti u-hieh it eoiitaiiiH The 
■|iiuntit> ^aiU‘s a gtMid (le.il, aptiarentl^ aoeonling to the immlitionH 
ot nutrition iimler whieli (he ^>eaht has h(‘<‘n grown , hut in general 
moie than oiu* lialf of (lit* dry .siiliHtanit* eonsislH of proteins and 
other nitrog«*nouH InmIk's '['he ]ini\imate eonstiliieiits other than 
nitnigeii eoinpounds imliide ghtoLren. gum. inmiliige, lat, resimiiis 
matters, ami ts'lliilose, togellu'r with a gtioil pniportioii of mineral 
ingnslients Ah slitiwing tin* .ivei'ugi* iMimposititm of dtif ,\t‘aHt the 
following analysis iiia\ Ijt* giieii 
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In presHod ;K*ast~that is, yeaat praetieally free from extratHsma 
moiHturr* -then* is from 70 to HO |H*r eent of water preHeiit, mainly 
in the eelln 'Hie following anul^Hin of hreuer> iteast givi*!) |mrtieii 
fan of the aolubh* iiitrngenoiM IxKliea pre*ii*nt * 

> II Will, Znt'Hh Qts itrauw, 1<I13. 36. 

’ F P HielH*!. J /ntrf Urfwiuif, (Atnl ). 22. 3W( 
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Brewery \'riwt, 

IVr wnt 

Soluble nifrogrnouM bcxllM, 

Wah‘r . . 

7A41 


Per cent. 




OlA 

nitmaf'iHXH Ink1k-h 

1 li 

1 .VlliuiiiosoM 

1 P(‘pt01U*h . 
tAinHl**H 

0(15 
. . Oil 

Iiimliilili* „ „ 

n vt 

. OKU 

Minoml iiMlIi'is 

1 e.'i 



lirHiiioiis iiiiitU rs 

0 oa 


1 12 

Fill. I’cliulosi', I'tc (ilini'n'iici*) 

a .iti 




HMMN) 




A niimiMT of iiltiioato anAlyfK'H (»f the oi^nnio |)nrtion of dry yoARt 
huvi' 1x4*11 publihhod (hf* (ivmgd of Hovem! of tlioxe is xub- 


1 

IVt ifiil 

rmlHiii 

48 ;i 

ll>(ln)Ki‘ii 

HO 


10 h 

(itK'liidnia a liilli* 

sulphiii iiiiil 

jiliiMiihonH) 



KK) 0 

TIk* iiiiirgiini(‘ ronsliliit'iitrt of yrnst oonsint nliiKNil \\ho11\ of 
|)hoH|iiuil(‘s Of tfioHi*, polAHHiiim jiliosphnto forms hy far tlie 
lftrg(*st part, thr n*iiuiitidor Ixsng iimd«* up of tiiagni'hiiiin and 
ciil4‘iiiin pliosplmtoH, \vhit‘h. mtli a lilth* sulphiitt* and silu'nto and 
u snmll <|imiitifv of inm compouiKU, practicAlh (‘om]>l(‘to tho talc 


of iiiinoral ingns)M*iitH Aix'onbng to lantiuT, tlir uvonigo composi¬ 
tion of till* Uhli left on iiicinciating ^cast is as folloMn -• 


IStliiHsiuii) (Kjll) (iis-ltitliiii; a litlk* miiiIuiiii 

1*«'i 4 cut 

:n :» 

Maani'Hia (M^O) 

1) 1 

Liiiir ((VO) 

r» 

Ixm (Fi>jO,) 

O.'i 

I'hiMpliorii’ IK III (IV^) 

.'id a 

Hulphunv lU'iil (SO,) 

Oil 

Situ a (Si( Ij) 

1 a 

liiKii'ilii'iits iKil iliXi riiiiiicil 

1 0 


100 0 


H may br gathcrtsl fn>m tlic*{i* analyses that yeast requires for 
its grouth a supply of both orgunii* and inorganic nutriment, 
4*s|M*eiully nilrogi'ii- and potasaiiim'(4>inpounds, and pliiMphorus. 
Moreover, oh aln*Ad\ HC(*n, it contains no chlorophyll, and therefore 
unmt obtain its (‘Arlxm in some soluble and aRsiinilablo form, since 
it cannot gi*t it from earhon dioxide like green plants do. As 
reganls the nitrogen, this ean lie Hupplitxl by ammonium sulphate, 
tluoride, or other ammonium salt: but it is found that yi'ast grows 
more actively if its nitrogenous nutnment is furnished in an 
organic form ’-t g . as amtno-euiiipoundH, amides, and peptones. 
Now these are pr(*eis<*ly the sulMiani'fs which, as we have seen in 
connection with the gi*nnination of malt, are produced by tha 
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action of proteolytic enaynies upon Uie inM^uble proteins of iiialt 
and other grain In fact, iiialt wort, coiitaiiiiiig oh it d(H>R thene 
aiMiiniUble nitrogen eomptninds, noluhlo c(irlM>n mitriment in the 
form of suipir, aiul ph<w]»huleR, uith potnsKiiini. inugnraiuin, and 
cakiuni saltt*, ih n very exeellent iiu'diuni fur the nuiiriHlnneiit of 
yraht Much the same ran In' wid of gra|M' jiiK'e nlwi Ocenhion- 
ally, however, mid e^iN'ciully uheii a lfirg(> pin|M>rtiuii of Im'Wiiig- 
HUgar or of iinmaltiMl gram ih iimmI in iiuikiiig the wort, then* ih a 
defii'ienev of miitnhle nutriment, iiiiit this deH(ieiie> in eorraeteil 
by adding spi'cial pre])arationB of ^enhl fiNxlM " 

ViHiht eaii U* " iKrliiiiatiM'd *' to the pn^'iiee of mitiHeptieH 
riiieh as Miljihurous aeid mid h\dn>Huorie iieul, atiil (an he eultl- 
\Ated to withstand tin* (‘ITirts of thi'si* up to a certain ih^gn'i* 
Advantagi* h taken of this pro{a‘rt\ in h(>l|>ing tii kt'ep distillery 
“ M«ish ' fn‘e fnim haeterm and wild ^east'<. uliieli me much more 
HUsiH'iitihle to the action of nntisf'ptien DistiHiTy >(‘asts can lie 
.iccus(oni(*d to grow aetuely in the pn'stinr of hydiotiuoiic arid 
or aniinoniiiiii tliioinh* t(/ the ('xlent of tt 2 |H’r (H^nt of the h'rnHiiting 
lu|iiid a pro|Hirlion which la (piiti* elTeidivi* iii'destniving hnctena 
Also a slightly ai id wuNh “ (‘iicoiirages the development of distillery 
yeasts, hut is iiiifrivourahh* to hac'teria mid hn^wery yi'iistH , hence it 
IS (smuiioii III distillery praetus*, even wh(>re hvdroihi<»nc neiil ia not 
us(‘d. to at ldlf^ the wash with ho tie acid or sulphiineaeid KurthiT, 
distilli*ry M'Asls de\(‘lop Ih'sI at a t(‘in|M‘ratun‘ (24 27 '') miieh 
higher than that most favoiirahle to brewery yeasts (iihont lad') 

By siiec(‘ssiv4* culture in worts of gniduulh imri'aMiig atreiigth 
yeast ran. up to a e(‘r1ain ]ioiiit, Im' aeetistomed to tolerate more 
and mon* alcohol, and iIh ability to feriiM*iit inon* eone<*ntrated 
worta m thus di^veloiasl This pri>|KTt\ is applied iii the inidhod 
of ferin'*ntution kmmn as tin* '' Molliiint " ]inN(>HH, used Abroad in 
the (iuitllldtioii of molAHses. 

The zymase activity (d \(ast. whendiy thehexoseiugnrs(dexti‘oHe, 
IsovuioHi*) are eonwrted into alcoliol. lau he ('onipletely auppieased 
hy means of toluene, without fin^veiiting (hi* action of the inaltaHe. 
]t ia thuB {lOBsihle to invcHtigate the nialtoM* aetiMty of yeiiHt 
without the eomplieationB amung from ainmltaneouK fermentation 
prtHluced by the zyinaae Bchonfeld and Krunihaar found in (he 
eourKC of aueh HtndK*fl that by adding toluene in (he prn|M)rtion 
of 8 per cent, of the v^niiio of the lupiid. the eoinjilete suppri'aidoii 
of fermentation could Im ennured * 

AntiacpticH m general will prevent feriiientation when present in 
relatively large amount, but many, on the oth(*r hand, have a 
* }YochenKh. Brau , 1017, 84 1A7; Brtteingt lOlS, 24, 
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Mtirmilatinf! rlTf'ct if pn'Ht^nt in only miniito proportion Iliua 
* inorrunc chromii' ut u coiiciMitrution of nioio than 1 in 20,000 
inhihitH fcniK'nliilivt* action, but at 1 in IftNMNMt or Icsh it has a 
favoiirabto iiilliictKo SaIh'Uic acul in the jin^Mirlioii of iiion* than 
0 I [MT cent huM II (l(‘tiTn‘nt elTi^ct, nhercas less tiian one-Hixth of 
this iiriHMint actn as a Hliiinilarit Phenol ih iriliibitirc at a concen¬ 
tration of moio than (to {kt cent , and stiiniilatiie at leiis than 
0 1 |N*r cent Miiiule ainoiinlH of other toxic subataiU'CH. hiicli as 
Htrvchniiii‘! nicotine, anil earboii diHiiIpliiile, have alhO birn found 
to favour fcrineniution. 

Enzymes of yeasi. - It h to tlie-e importanl subatameH 
thill yeast ovi(>{v iiiierlinit ami fernuiitative pro|ietliea They 
include sikTiIs(> piuertaM')' /Moa^e. iimllusi' (^Iuea'>e). luctase. 
lieMHephiwphatasc, rcdiietasi>, ciirboxvIuHe, iiieldiiaHiN and endo- 
IriptiiHe. as uell as piotcolitie eivAMiies ithich hn\e alreadi been 
iiientinncd in the general description of th(‘ enr\me>4 Bui xciista 
of dilTen'nt species do not all eoiitain the same etizynies, and heiu*<‘ 
ilitTercnt ,>casts beha\e dilTercnth toaurda the xanoiih ^ll^ars A 
partieuliir \eaal may ferment one hUpir but not nimther So far 
us is knouu at pii'sisil, onh thiee of the aldo hexo-c sii^ais, naniety, 
dextiohc, (f nmiinosis «md d^aLetoKc, an* diri(ll,\ fermnilalile 
by veust. and onI> one koto hexose, \i/., I.cmiIos Aicoidin^ to 
K F Arms(^m^^ all xeasts uhicii leiment dcxtio^c iiKo attack 
maiiuoHe and I.cmiIom* Mohl leasts can mictl and tlien leiinent, 
eanesuftrir, bisause (he en/,Mne suciaM* (iiueitaM*) !•« of lominon 
occuinmcc in the leasts On the othei hand, the eri/iine hutioe 
18 alwent fiom the majority of leasts, and heme thcM* are nicaiiable 
of fennentinj; milk Huj^nir S JtmjiliM anti ki'phir ferineii* aie 
exceptions to tins thei eontaiii lactase, and tsin bimj* fllNUit the 
l<‘i mental mil of laclose 

The folluuiniK ainoiMis shows at a glance how the inort* eoiiimon 
siipirs are nfftsded hi n miinlHT of least spetsca Fcrmcntiition 
Is indicated In the sign { . absence of it by the sign 0 
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A nunilN*r of oMrrvations on ilu* Miisilivcni’w of tin* I'hiof 
cnz 3 'mf» (if onliiiiiry w*ast towanU \aiiouH n‘aK<*ntH are r('(‘imliMl 
hy T Bdkorny * Tims us the tnverUMt unist iiiiiml in 

alMolutr alcohol for M'Mial (lii\s Nliovvcd no lo^^ of inv(«rtiii)( 
when rciiunt'il On the olhei hamh the iineiuiH' is «le>tro>e(l in 
twentV'four hour h\ ii I cent Milntioii of e«iiistie atala, tlioii^li 
not by a Ti (mt I'eiit. ■solution of ioiniahlclndo. TowanU aenla alho 
it la fairl,\ stable Fifty |N*r cent alcohol (h‘stro>s tlu^ zymase 
activity within t«enl\ four hours, but ]ier (suit doi'a not 
8ui|ihurie or h\ilroihlnric ai 1(1 of 1 |mt<c]i( siini^th also destmi^ri 
the aetivitv uithin 1\\ri)t\-foiii houi'> as do laitif, aietie, and 
biit,>ne acids at 5 piT usd ^ttniLMh though not*at 2 ]H>r (isit 
Amiiioniu solution at .i eiani‘titt.(lioii of Olio {nt leiit destm^a 
the acluitv aitliin foit\ ts^hl hotiis iiiul foriiialdehyle 

at 1 |N>r (Sill doi‘s so miOiim tuenl> ban hours SohitioilH of 
neutral sails at toiKenliatioiis helou III |Hi tent aie ImrniU'HN, 
and 111 some (ans iNiirlicial As leiranls malUse aeliMl>, 1 }Ni 
cent caustic siMla soliilion de>tro(s (his in a f(>a hoiiis. hut 0 02 
and 0 1 |NT ((‘111 solutions ha\(‘ no a|i)aeilahle elh'cl in tvii'nty* 
lour hoiiis Wnliin the <..inH‘ (kshkI Id (nt tent aholiol, I |mt 
(S ilt acetic, laetn, oi Indoahlorii acid, (a 0 I (as' (Siit foniialde 
liuh‘, all act dele((iiousl\ 

Pcrinanent *' yoast. Zuinn or iHiiimnent \east 
( acetone \ <‘aat' )isa(lrN piepaiatioiiohlaiiKd l>> well miMiig tinel;^ - 
dlMded pressfsl 1)((‘Ui>rrt veast (atK) fnains) uilh aiclone (2 litres) for 
(ell minutes todestroN th(‘\itiiliU ol the \east (('IK and tin ii liltenti}; 
the mass and druiiiint( it with the tiller pump The \east is tluii 
Qiniin mixtsl uith acetone (I litie) li»r two minutes IiIIcksI (Iraiimd, 
rouglil} powdensl and well kneaded with ctliei (2o0 ( c ) for lliretc 
minute's, after whuli it is oiict* moie (illeiesi and diaims] and them 
apread on filtiT ikiiht or porous jilates and allowisl to dr) in tho 
air for an hour Finalh. it is diied for lw(*nt\ four hours at 45®. 

The product is n iiearl\ white jaiwder in wliidi the yeaKt-eellH 
an* (h'Ad. and whu'li tluiefon* (iiiimd firou and lepitMliusi itself 
ItH e(‘ll-walls, however, are iiita* I. and its Mij!nr fi iinenting enz)me, 
zymase, fc* still active , so that even after kesjunc for jears it will, 
when ground up and placed in a Kuilable sugar sohitJuii, induce a 
vigorous aU'oliolic fermentation. 

T. fiokomy has rceeii^lj desenlHii a method of pn'iiaring jKTma- 
n(jnt yi?ast which apjicars to have Home advantages According to 
this writer, yeaat-cellH may Ixt killed, without di'stnning the activity 
of tho zymase, by tn-alnient with dilute solutions (01 to 0 5 p(T 
■ ZtUack angev 1UI6, 29< lUf. 31U. 
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0 cent) of Rujphurio acid, or nf vanouK other a{;ente, including 
formaldehyde, HCMliiim or ammonium Huorule. ferrouH Hulphate, 
ammonium oxalate, potaMium chlorate, ether, and eh]on>form 
Continued action of tho toxic Holution, however, ultimately 
affects tho zyrnoM* alao By woMhing out the Holutions uith water, 
and drying the yenat, i>ermanent yeast prejuirations ma> he made, 
ainiilar to the “ acetone yeaal ” The pna'caa is iiiu<’h cheaper than 
tho aeetnpo and tho ethcr alcfihnl methtKia With the lliiondra 
the nniulta are not aatiafactory Rajud treatment is not m>(‘eHmrY 
For inaUnre, uaing aulphurie aeid, it is advisable to leave the yeast 
in rontoei with a 0 I p(»r cent Holution for aeveral hour*, in onler t(» 
make mire of killing all the cells ‘ 

Zyinin eliii Im* depriviil of its fermenting |Mn\er l\\ washing with 
water, hut addition of lioihsl yemst jiiiee lestorcs this pouer Harden' 
has shown that a similar n>storation of ieriiiciitmg ai'tiv it\ is hmught 
alsnit hy adding iKitassniiii or ammonium pliosplmle, togi^tlicr with 
either isitasHium pyruvate or aeetaldehulc H\ itsell, llii' jiliosphate 
has no siii'h eff«>t Thes ex|NTitiieiits suggest (hat poM^ihl\ 
acetaldehyde may lx* Hie "eo enzyme " (tf \easl juue also 

indicate that potasHium and animoiiiuiii ions li.ne some spt'iilie 
function in fenmmtalion whitli is not poss(‘ss(‘d h\ tlu' sodium 
ion, since imdium phimphute ga>e iiegativi lesulls with ai'ctiildeh^de 
Moulds (Hyphomyeetes, Zygomycetes), Thcsi- aie fungi forms 
without eliloroph^ll, in which sexiinl repiodiKlion takes place l\\ 
et>njligation, so that the moulilh are soini‘wli<it liigluT than the 
yeasts m the v(*getahle kingdom TTie mould spiire ilexclojis a 
much hranelusl mveelmni. which s^inmils o\i>r or (liioiigh the 
nutrient matter tii which the fungus grows The niu’cliiim simds 
up hraii(‘hes (h\ph,e) into the air, which dewlop rounded and 
enlarged ends these an* the s|hu*c cam's, ot s|Miniiigia. coiituming 
now sporex 

Certain of the moulds {Mucoi, spp) have in leceiit veal’s become 
of considerable importance in the alcohol industry, owing to the 
fact that during the growth of the muylium tliev secfeti* amylase 
(diastam*), and also fermentation eiizvmes Thus they can both 
soeeliarify stan'h and convert the sugar so formed into alcohol. 
ChieR), however, thej have been used as sourees of diastase- 
, activity in the saeeharilieation of stan'hy matenals, effecting in 
this way a e uiMderuhle economy in inaK Thi* fermentation is 
(hen completed by adding venst 
Amylontyoas Rouidt is a miicor which was isoliiH'd bv (*almette 

■ AU^m. Bmu.Hopf Zeii, 191S, M. 1547, J .S’or rsem ttui {Abet.), 
1917, 8S. 300. a BiocAnn. J., 1917, U. 04. 
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in the year 1892 fitdii ('liinew> riee-fernient ('alnie'.te etuilied. 
more e^iweially ita atareb-aaeehanfyinft |>r«]XTtiei>, but a few yean 
later it wan found (Roidin Kaiifniinetli) (hat this ornaiiiKiu nmid 
alan ennrert sugars and deatnns into nleoliol and in 1898 it aaa 
uaeil indUHtrially for this |iur|i(Mr It la from the A. Rouxil that 
the “ ain\lo " (iriH'ess of alcohol iiiakiiig tiaik its iiaine TIio 
orgniiisin. hone\er, uas ie|ilaced latiT on li\ others which imKiiicnl 
hsis at id ^ 

Aspergillus arysee, aiiother of the moiikls. was ai'|iiirntisl fioin 
the ila|Hincse " ko|i " feriiieiits used in iiiakiiig “ saki " , and waa 
ap|>liial praetirilU li\ Takaiiiiiie to tlic HiicchaiiKcatioii of rice 
Its action, howetcr, is tiai ciieigctic • 

Rhixopus oligosporus, R. Japonlcus, anil R. Delennr an' other 
iiiiaihls which h.i\c his'ii cni|ih>\c<l lia saei'haiilMiig starch their 
lu'tioii icsciiilih's tliat of A. Rouxil. 

Other iiiiicors. n: Muoor-,'j ohtaiiusl from koji, and lllttCor >7 
fnaii Tiaikiii rac, wcic siihsci|iiintl\ iwilati'd (lloidiii, t'ollette, 
niiil Moiisain). and hating Im'cii fiaiiid to |iiikIucc Icsh acid than 
A. Rouxil, hate su|i|ihiiite(l the hittci Mucoi Boulaid No ■'>. 
intnahictsl in I!)I2 In thi' >S'or A'm/ifaisc Aa /bt/i/hiits rfe f/ado 
(Voin Is claiiiicil to Im' as stiong a .siiccharift ing agent aa the iniicois 
|>n'tious|t iistsl inthistiialb. and in addition, to do its woik in 
inedia lontaining .ulitc li.icteria. so that then* is no necessity to 
no k under ase|ilic conditions' 

III COXVEHSIOX OK .ST.MtCIl AXD Sfti.VIt INTO 
■XLCOHOb MVSHIXti ANO KKKMEXTATION 

Mashing. The objcci of' inashing " is to bring the atan'hy 
iiiiiterial into a condition fatoiirablc for its loiitcraioii into auger 
and othei pnalucta bt th>' eimiiies pn-acnl. and etcntiially to 
clfect this converaion 

In Continental jimeticc tlic slaichy aiibalaiK-ca |ailal<a's, iiieixe, 
rice- are generally steaiinsl under (ircaHure to gclaliiiiwe (he atereh, 
iia a iirehminary to the mashing o)wnitioii. Any other ccreela 
ua«l may be aimilarit trcaUal for convenience of obtaining a 
ninn-ntrated mash, although with melt, Imrley. wheat, end oata 
actual gelatinisation la not niss-ssart for attack of the atereh by 
diaataae • 

The ateaiiiing is usually effia li'd in a eoniinl iron vesael known 
aa a “converter,'' which ia comnuaily of a aixe to take a chergn 
of two or three toiia of potatoea In thia vesael the laitetoea are 
> K p uaeit and f>9«l3, ilspl., 1012. 
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iSul)jorh»f| to l)i(* iU'tKin of Mtrain at a of thrcT atmmphpros 

during for(> Hvo ininiit(‘H or n<», tho tenifM‘ratun‘ riMn^ to nl)out 
I'tT)' (In o|K*tiinK tho diwharKo val\ v at tho tHittom of Iho ron vcrtrr 

H'hon (ho H(oaiiiin|r ik KiiiMli<‘d, (ho M)f(onod iiians of ;K)ta(ooK in 
fomNl out by tho pn'HHiin*. and throufth a (|;nd or cutting 

iirrang(‘niotit which hcl|M to I'oinpicto tho pulping of tho moHM 
Tho latter g(N*H tlicii (o a iiiiiHh tun Httod with rotating atirn^ra. 
whore (ho jvoliUinisatioii liniHhoM iih tho inium ccxils down Tho 
ccKiling Ih olloctiHl hy water llouing tlinuigli nttoin|iorfltor '* 
coiIm hi the tun, or, in mhiio forinn, 
h\ iiiouiiM of an oKtoriml uaior* 
jacket 

Miiizo, rico, and other ceroald, 
Miico th(‘\ contain Ic^s ual<T than 
|M»(ut(K'H do, are ini\cd with <me 
or two (larta of watoi licfon* 
Mtcaming If )ci\ drv. iimizc may 
he first .stcc|M*<i in water for a <ln\ / 
and if the htcani pn'ssiiio for the 
cotuciici iH liinitcd. the giain may 
he conrM'K gioiind before tn^atincut 
with water Mor<*oior, the prcHlnct 
ohiained hv sti'iiining nmi/e is 
lialile to foim a ntilT. unworkahlo 
jHiste on c(K>ling down, and to 
ohMatc tliH a little limit (0.1 to 
I |KT (onl ) M added in order to 
elTcct a luirtial snci'hnriKcalion 
AKeriintucK, a Miiall rpiantity of 
h\dnK‘hloric acid, eqiiualont to 
uhoiit 0 2 jxT cent of H(1 calcu- 
lated on the weight of the maize, 
may In* UM'd iiintoad of malt 
11it‘ effect of the acid la to 
convert the Iwsic phosplmtchi of tho grain, which are aaid to 
bt' ehiotU r(>B|HHihih1o for tho ])artiul boiidiiioation of the 
pulp or (mate, into acid aalta llio coarsely-eruahed maizo is 
mixed with tho requiaito quantity of water, to which the hydro¬ 
chloric acid has la'cn addixl, at a tomjicnduro of 50-60^, kept 
stirred by numiia of an air jet for an hour, and then run into the 
converter During the atcaming opiTatiou the maize is kept in 
motion by jota of atcaiu or air entering at tho Ixittom of tho con¬ 
verter. a small valve at tho top s^yiu^ aa outlet (gr tho air; thia 
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prpvonU the wifteiied gruin Mtliii}; ilimn im<( bloeking the din- 
ehAi^ tiilx* 1'he ht4‘iuiiin}; tiikeK alHiut Iwn Iukith Stunetimed 
the o]M'nitioii iH Hnuh**! iiitn tno the i*hni^' iNiti^ fiaMHHi 

into All interiiuMimtr fui t'oiuph'lion oi the fp^hiliniMition 

iM'fore iNMiig lilowiL into the inaHh-tuii lleie it ih Ktirri’d and 
{MM»Ied us uboie deMnU'd. iiiiti! the pn»|M'r teiii|M>i.itiire for 
Meelmriruiitioii nttaiiu'd 

Tile teni|MTAtuteh tit uhiih itinou'i kinds of starch nn* };e]a(uuM'd 
are ^nen bi Linlner' tU> folhm<« * 

(•< iNtllllsAlllMI 
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l)ov iilid ItiMik. bimiiei, iisinu an elediHully healed ehnniber 
on a miriose(i|N* slide, and takiiii; lln* lo>s of optical iiniHotiopy ns 
indiealiim the |N)int at \iliuli irelatiiiisatioii occurh, found Hint 
different larifdies of iimize have dillen^nt teiii)H‘nitur«‘s of gelatiniaa 
tion - The ratipe found was fioni <>t 1 to 71 I' Prcdiablv then* 
fore the teii)[HTiitur(> in the .ihoie table aie approtnimtioiiH only 
Saccharification. \h alnsirlv mdieated, the Htareh 

doen not itself undergo ahoholu teimentation , it is liiat con 
verted into nialtoM* ami other pioduets hv the action ot the enzune 
diastiiM* (amilase) This diastan* is iiMially Mipplied bi indt nr, 
in the " annlo '* pi(j(e*<s (desrrihed further on) by (sstain iiioiilda 
The profier ipiantit> of malt, ainoiintiiip to 1} 3 pr cent of 
tin* ueii;ht of |M)tato usisi rnffroiiiid tirielji and arldcsl t4i llu* iiuihli* 
tun, ivhere (he stiirehi muss fiorn the coii\«‘rter Iihk h(s>n eooled 
down to A lein|»eraturr‘ of ritl •l.j'' 'I'he mash has iiMiali;i a KjKs'ihe 
gravity of about 1 1 Mt, or, in the aiii\lo-pr(H'ess, alaait 1 <17(1 The 
teinperutim* nienlioiiHl is (he one most fniourahle for diustiitie 
action, and the inass hihiii iM'ioineb more fluid h\ nsisoji of the 
hqucfai'tion of the starch ^\1icn a jioiiion of the liquid, U'hted 
with iodine Milution, no longer gives the blue crdoiir of Ktareli imluie, 
the prcK'Csb of conversitii is (snnplete 'Die tune nspiireil for thw 
may vary fMin one to lhns» houra or more, acf’orrling to eircum- 
sUnces. 

* Hniwr HHtI JIdfier KnUn/iiir, 1H80. 

> J Amtr. Chem. Soe., 1917, 88, 742. 
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, Uaually the inaxh at thin atacc ia heaU’d tii a trni|)crature o{ 
70-75° for a fi-w iiuniitcH in nrdiT to (Iratn))’ iiijurinua bactrria with 
which the wort niaj have Iwroinc infcctwl durinf; the courw of 
aaccdinriiicution Thm in accoinpliHhrd b\ n-Hrr\’ing a )»rt of the 
hot, gciatiniiMKi, starchy inatcrwl in the rnn\crtrr, and allowing 
it to (Kuw into the main bulk as soon us the conversion of the latter 
is eonipk'ted By the time the teni|H‘nitutv of the whole has bn-n 
raised sulKeiently to ilestniy the mieni-organisnis, the starch of 
the fresh portion is saeeharifinl 

Whilst this raising of the teni|H-ratnre destroys liariiiful bacteria, 
it is liable greatly to iiniiair the diastase Tliis is a disadvantage, 
Is'caiise ns long ks diastase is present then- is a further slow con¬ 
version of destrins into maltose during the siilisei|iient |X'rioil of 
fcriiientation, and tlierefon' to that extent a la-tter yield of nlcohol 
To allow of this further eonvei'sioii. one deuce is to niise the 
tein|H‘ratun-. lint not lM\\ond tiH' l)instas(> in solutions containing 
niiieli sugar can witlistanil this tem|M'ralun> uilhoiil its actiMti 
la'ing gn-atli iin|iain'd. altlioiigli in water alone it is iniieli weakened 
even at 113" Another plan, now' fre(|nentl,\ adopted, is not to heat 
tho mash to tliiw liigh teni|H'ratiirrs at nil, but to add a small 
i|uantity of liyilrolluoric acid or of niiiinoniiiin lliioride during the 
fennentiitioii Tins antiseptic, in ]iro|Mirtiun up to ulioiit 0 2 |H'r 
(■ent , IS not toxic to the eiirAines of yeast winch lias liis'ii 
" nceliniatised'' to it, wlieiens biictciin aiv desiroyed at a far 
smaller eoiieeiitiiitioii Hence if this pna'ciliiic is adopted, the 
saccliariticnlioii can be eilnded at the most favourable teinpcrntuic 
(.51) .5.5°), and the diastase retained in full vigour to |ilay its furtlier 
(lart in llie soisiiidnry fermentation 

Whichever pna'isai is iisisl. the inasli, after sacchariliciilion is 
uoinplete. is cooksi down to nlaiiit 20", and |aissed through a 
centrifugal or other form of de-linsking apparatus to remove solid 
matters It is then ready to he " pitchixl ' with yeast for the 
ferinentation 

In this (xnintry isitatis's are rarely iisisl fur making aksihol 
.Malt alone is employeil in many illstilleries, ehietly )s>t-still dis¬ 
tilleries whicli make whisky . but a mixture of malt and iininaltcii 
grain is usual in distillmes using [latent stills (Molasses is largely 
employixl in the nianiifnetiire of industrial alcohol) 

The iinmalted grain used is ehietly iiiaizi5 with a relatively large 
prufKirtion of malt, riingiiig from 10 to 2.5 per rent. A (Kirt of the 
inauo may lie n'plaeed by barley, oats, rice, rye, sago, or wheat, 
in various proportions up to 40 per cent of the whole 

A preliminary partial uonversion of the taw maize or riou ia 
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gmcrally cffrotisl liy trrating thi* gnmnti niatprial (glint) with 
eidipr n Kinall qu.nitit> (tf grtMHi limit. <ir with Milphunc (or liydm* 
rhlurh ) iirul. In thi‘ fiirinpr (In* giisl is nnvi'tl with llmv or 
four tim«H itn upiglit of Miiriii uutvr in thr I'onvortpr or *' iiinixp 
tun," an<l nti'ain m )WhS(>(l in until tlu' liqiiul \f> iusiil> »t the boiling 
point in unliT to gpIuliniM* tin* ntarrh Thp trin|M‘retun* w tlipii 
n*iliii*pc1 to 4i)", and a quantity of gn^pii malt about 4 tM*r I'pnt of 
the griat by wpighi. m suaiH'iidod in wator and tni\*i|] with the 
staniiy niatmalh in the iiiiiizp tuii Aftor (hi* action of tlic iliastam* 
has priH'ccdi'd for an hour or so. the iiiiy/.c or rice inimh it run into 
the nmsli tun. m which malt and water ha\e nlmid\ biHii ]ilaml, 



Vu. IN H\'-ii Tt s. WJ1II sii.i.i'm masiiim. vaiiiim 
liii (•Ifi'itiiiiE I {in liininnrv ini>i]iiii|{iil IIh iirkt iHwnii Iuiiiiht ami liiti 
illi-lnil 1 ••ihhIi) I» Itil hfrliM 


tngi-thiT with nnv linrlcy or out, tliiit may )k‘ riiiiim.l To facilitate 
ilinina|!<‘, oat-liiickH arc often includnl in the iiiaHh 
Matters are ho nrian);<Hl that alien the mixture is made tile 
temimratiire is aliout the o|iliiniim for diantatic action (fit) .V>°), 
and not alane HI" or SH” in any case Ky iiieann nf atirrere fitteil 
in the tun tlie mash is kept well mixed, and saccharification proceeds 
a|iaee Warmer water is then ailmitted until the teniiieratiire has 
risen tn liS-fi.'i', for the puijmse of inhibitinK haetcriiil develop¬ 
ment After settliiiK, tho wort is run off, and thr residual grains 
are extraeteil again with hot water, in some eases a third or even 
a fourth extraction is made The weaker worts thus obtained are, 
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' after m'lwration from the f;rninii, iiard for miuhing the next 
charge 

The MUi'harilicil inaeli ih then (iMiIitl down and jmHwd to the 
“ wiwh-luickx ” for fermentation In thiu eountry dii<tiller!i UHiially 
arrange the inaterinlH of the wort so that the Hixa'ilie gravity of 
the latti r liefon- fermentation is nlioul I (KM) to I 040, or elw 
I Odn to 10.5,') If tesj much saeeharine mailer ix jireHent, tho 
large pni|iartion ol nieohol formed teiidx to iheek fermentation 
la-fon- nil the aiigur ih de(siin|H)Hisl, thus eaiixing n Iosh of material 
(iS|Hs'ial iiiees ot yeiist, hiMCVer, enn lie " ais'limatixed " to witli- 
Hlnnd relntivel\ ^liigli isineentratioiiH of aleoliol, and these an* 
UMsI on the Ciintinent, when* the "tliiek iinisli" s\hteni is 



Kid Id -mv',ii si s wiiii siki. siiioum, i.i vit 
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pmetisisl) Dll tlie othir hand, tisi sninll a |ini|iortion of alcohol 
is uneeonomieiil. I>,\ nsison of tlie eom|iaintiveK huge ex|iendilure 
of lime iiiul fuel re(|uinsl for the distillation In distilleries where 
yeast is made, n low sixsifie gravity of the wort is the rule 
Thick iHilalu-niaslies are eoniinon in Uerniany, liis'niuiu there is 
a tax levied which depimda u[)nn the capacity of the inash-tun, 
and the indiieeiiieiit tliereforo U to obtain the largest yield from a 
given tun Towards (hr imd of the fernirntalion, when the 
effcrveseenis* has niixlrnitisl, water is added to dilute the inasli 
Tliis lowers the ahsiholie euneentration, and also that of the carbon 
dioxide, thus allowing the jisist to romplete (he fermentation 
belter 








n otrrLisE OF THE monumoN of audhol as 

SieoliulllMUon ol gniB mashu with a snMlI proportion of malt.— ' 

A Vafiwux dosrribrH tlip fullowing prornlurp, vliirli han given good 
results, and is revcimmended to distillers alio msli to alMiulon 
saecliarifieation by arid in order to priKlure s|H'nl grains suitable 
for feeiling pnrposi's '■ 

The raw grain is “ e<H)ked ” ns nsiinl, and (rniisfernsl hot into 
small elosed vats similar to those used in llie nmjlo " proeesa 
(p. 7 !l). When full, the ^a(sa^e eisiled, steiilised air laaiig iiitro- 
diieeil nuainahile Wlieii the teiii)H-ralim' has lalleii to .rgi , a 
niasli of gn-eii or dried ninit, lepreseiiligg .‘I to .‘i |s‘r leiit ol the 
eharge of gniiii, is added, and the rh.iigi' is kept in iiiotion, Mithoiil 
further eooling, for an hoiii, nithiii ulinh |s'iioil*lhe sais'liiirilii'a- 
tion is ronijilele Then- is little risk ol iiilis'lioii, but' niitiseptii'S 
may ls‘ iisisl if nei'i-ssary 

Cnoliiig H then i-esiiiiieil. and the yeast is intrislueeil alien the 
tein|sT.ituiv has f.illell to :i.i'‘ \t 21 ' iisiling is stopjHsI After 
the feriiientation has Is-i'onie \igoniiis. the ehnige is IransfiTn'd 
to ii|H‘n vats, in uliieli the fernieiilatiim is roiiiplelisl as usual 

Saccharification without malt or add. In eertain small Conti 
neiital ilislillenes spirit H made eiitiri'ly from laa rye .No malt 
or and is iiwsl thu stan'h is sneeharilied by the iliasta.se pn-seiit 
III the r.iu' gram 

Tliirli kilos of rye grist an> adihsl all at oiiee to .'id litri's of anter 
at 114' The imisli in < oserisl np ami st<s'|ssl for half an hour, by 
aliieh time the teni|ST<ituie fulls to 41'. lioiling anter (till litres) 

IS then addeil, in onlei to raise the lein|H'rnlure ag.iin to IkVIili 
After the iniish has stissl for a further tao hoiiis. eold anter is 
stiried 111 until the leiiipenatiin- iails to III ' ,\l tins stage pn-ssisl 

yeast (i lb ), aiirktsl u)i aitli anter, is iiildisl, the mash eisilisl by 
a isiil to litand jaismsl to the lerinentmg vat 'I'he feiineiitiiliim 
ia startisl at Hi , and giK-s on for IKe days 

Investig.iting the yields given by tins pnssss mill rye and other 
materials -a heat, barley, mits, maize, biieka'lienl, riis-, millet, 
potatiK's. and artichokes -Windisih and .fetter found that rye a'UK 
the only grain that eontainisl suflii lent diastahi- to y leld ns niueli 
alcohol a ithoiit malt ns with matt" Wheat eontnins a good pm|Kir- 
tion of diastase, but not enough to give the full yield of aleohol 
unleaa some malt ia addisl Buekwlieat nppniximatisi to a heat; 
barley and oats give Toa-er results .Maize eontains only a littlo 
dustase. and thu raa- starch ia iiiueh li-ss raudily aaechanlird by 
molt than the stcanieil material; rice and millet are similar to 

‘ ttutt Ashx rkm Hun, IIII7, 3S. 237 ; J Sur.Ckrm Iml (Al«t ), 1<]7, 
H, 1284. • ZnUch SiuMwunil, |yu7, 30. r4l, r,S2. 
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maiPA' I’otatiNM pimtain only trappo of diiiHtaiw, nnd the raw 
•itHrch is oiil\ imttmlly saci'haritiisl l)V iiiaK With nrtichokrs, Ihr 
wIioIp of the iiiiiliii IS SLU'chnriiii'il, wlirthi-r iiiiilt is iiscil or n<it, and 
whf'tiuT till* iiialfrial is stpAiiif'd or not 
“Brewing extract." -Tlds is n tmn conimunly nsrd liy 
distiilcrs in this ismntry to (iraoto the wrijdit, p\|im«Hsl in lb, of 
thr dissolved material iirewnt in the wort It may be euleulated 
fniin the npi'eiiir gravity of tho wort thus - 
Isit tho sp gt he, [nr uxainple. 1047 (water = KKKI, it is nlwajs 
taken thus in prnetiee) , 

Weight of II i;nllon of water - lO lb 

. wort ■ 10 - I 047 lb, 

10 17 1b 

dissolvisl estriietii'e iiintter - weight »f woit miiiiiK weight ol 
water j 10 47--10 - 0 47 111 
This IS (he brewing extriiet per gallon of wort 
Ifeiiee to find Ihe brewing extrnel for any given i|iinnlitv of wort, 
nui'liply the niimher of gallons of wort li\ the expn-ssion 
sp gr of wort - KKIO 
100 

Example -(liven 7(HHIgallons of wort, sp gr 104."i The brewing 
extraet IS 7(HK) ■ -= .‘ll.'O lb If this has bissi prodiieed from 

Itlhl bushels of malt, the brewing extract /ler himkil is Ol.'iO -s .‘gKI - 
10.’i lb per hnshel This would be a fair average .Meld from iin- 
sereened malt Kmiii senssied mult, the average yield would la- 
higher —about 11 lb extraet per bushel. 

Changes during saccharification. - Tin- aetion of 
diastase upon stareh is one of hMlroIysis, when-by the starch is 
convertisl into dextrins. inaltosi-. and intermisliate pnaliiels The 
ehangi-s involvisl an- very eoinplex Much study has bivn devoted 
to them, and iiiiieh discussion has eiisiusl. but it eaiinot lie said 
that (hen- is even .vet genenil agn-eiiient os to tho exa<-t traiisforma- 
(.ns which take place Nevertheless, the main outlines of Ihe 
.laiiges an- i-stablishi-d deliiutc-ly 
The h.v|silhesis most gi-nerally favoimsl as to the reactions which 
ix-cur is one due to Brown and Morris.' Thi-sc investigators explain 
the aetion of diastase iiinn soluble starch, at iiiashiiig U-m|iera- 
lim-s, as a progn-ssive degradation pmctssfing as follows :— 

The stareh luoleeuk- is regardisl ns being cnni|sisisl of livo 
“ ainvlin " groups, each bating thr formula (C,,II^O„)„ Four 
of these gtoii])s are arranged about the fifth. 

' 7'mn«. Lufmnihry Club, 3, S3. 
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Wlirn attacknl l>y (iinslasr, the atarcli nioIi'ciili> first breaks up 
into Uh five eoin]Kiiu‘nt gruupH (hie of IheM* ih very niarkcilly 
resutant to further attack ("Ktable dextrin"), the four o(l)ii.s 
(“amylin " giou|)H) uie more ri^adily li>dtol)ii»uhIi‘ 


Sliirrli iiioUelite Stitlilf i 1 i \trin .\iii\liii 


Till' aiiijliii Kroujm am tlii’ii luuin'i'ssiich IimIihUnsI intn 
“ aiiijloin " (ir ' luaUmlcMiiii " cniiijili'M's I'ui'h (‘i>ll.«0|o p»»i|i 
111 lU liini tiikrs up a iiiiiksulv ii{ iiiitri, fiiriiiini> ii iii.iltuvc Krniip, 
uhii'li, lioui'vcr, rciiiaiiiH furillii' (mu' iilliicliisl In ila 
aiiiytkMi I'liiiiplcx Thus this first slUKn nniikl be 




11.0 

\\ llO I 


Miilifiili (aiii)liMii} 


All iii(erin*‘diufe Map*, ivheu moie inalloM’ poiiph )iii\e heeii 
foniied, uuiild gi\e a diHerelit mallodexliiii. t tj, 

I d ‘ijllw* 

in \^lne}i (he ehange has ptnurded hal(-ua\ Tl “ liiial nialto- 
dexliiii uoiild he 

|( •jii 

.\h the lixdiohHs pniusalM, the eoinplex inallodextiinH hieak 
douiL into MMtdh I tiiolecidnr uggiegalKais, uhuh, iome\ei, n'tani 
III (he (liarai tensties of the iiialtiHlextiins lliis piea on until 
the niultos(> stage in leiu hed that ih, iiiitiJ all (he 
of «i inalliKlextiiii ha\e heeii h\diol;^M’d to ('ijIls.On gioiiph 
Thus, for example, the jiartieiilai inaltodextiin luht roniiiilated 
uhoxe would, on taking iij) anothi i moleeiile of water, gi\«‘ 2() inolc- 
culcH Ilf iiiultuse . - 


I ((-J2^f I 11 i| 

\C II O ^ * 

.Miilhxli stun 




XIiilt(w> g 

^as 

It foIlou^. theiifon* meonJing to Itiowii and .MoriiHa viem 
that if diaatuMC is allowed to uM for u Midiiieiitlj^ lung tiiiiv on 
atareh under proixT eondilions ol lem)N‘rntiife, the prudutld will 
eventually lie maltoho and " atahle dextrin, ’ the latter being only 
very slowly attacked * 

An already indicatinl, however, the nsielioiiH an* eoinplcx, and 
other pifKiuctH than thoao mentioned haie Imm*!] found. TIiuh 
J ong and Davis^ have ahown that d(*xtrcwo alao la formed by thu 
^ TruuM, Chtsm. Hoc,, lUn4,86, ita 
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prolufif^cd action of diastase on starch ; and the production of an 
** iriomaltose " (l^ntnor) or doxtrinoso " (Syniewski) has also 
boon notinl. linker and IliiUon* have found that ulioii diaslaKO 
acts on borh^v starrh gianulfn the pnHluetH art* inalloHc, dextrose, 
dc'XlriiiM. and a dextrm-like f'arlNdi^\drnte having the Kaiiie mole* 
eiilar weight an inalto*w‘ 

lender the ordinary iiiaHhiiig etinditiorm fur l>n*uing, uhen* the 
lU'lion of the diaHtaHO ih Htop|N‘d by boiling the wort, there will 
Im‘ a eonsirlerahle pr(»iM)itioii of the irilerniediatt* inaltiKlextrina 
pn^'nt, AS Hell as th(‘ inaltoM* and stable d(‘\trin These jiialto* 
devtnns an* important to the biewt'r of Ihst, beeause th<‘y aie less 
nsidilv feriiieiitrd than the inaltosi* in tin* main fermentation, but 
are gradnirtly broken down, and undergo a slow “Heeondar\ ** 
fiTinentatioii uliilst the Ihst is stonsl in casks, and thus ]>r<'venf 
It beeoming “ Hat " I'lie distiller's inti'n'st, houever, Ill's in having 
os iniieli AH possible of tliu nort diiis'tly feiiiienlable, in order to 
g(>t the best yielil of aleoliol llenie the uoiL is not 1 k>iIis 1, hut 
the diastase is alloHed to act ns tally as {swsihic, and (his not only 
during the iiinshing, hut during the hiil)se({iicnt' ferinentatiun also, 
when, under the cotiihined nelion of diastase and yasl. the icinain- 
mg inaltodextrms and e>en (he ' stahlc" de\tim ate largely 
(sinverttsl into fenncntahle sugars iSince the distilliTH uort is 
not hoihsl, it is, ns ahs'iidy nientioiusl, mori' halile (o hacterial 
(Hnitaiiiinalion than (lie hn'ner\ uorl is. and hi'nee aiises the 
niH'essity for heating to n high lciii|N'ru(iire ((18' or 75') after 
Haecluinlieation , or, idteinatiwl), for the use of huliolliiorie 
ncid or other iuitisi>ptie 

Saccharification of starch by acid. - It hau 

b<>'n iiu'iitioiiHl iiliiiti' thill tlii' |in'liiiiiiiniy <'iiii\<TM(in iif iiiiiiiu- 
or rill' limy lie iimilc \iitli iiiiil, ns nn nltfriiiilivc to iisiii)' gns'ii 
limit Kor this |iur|Hisi', the I'loiiiiil I’raiii is iiiixisl iiith tints' to 
four tiiiifs its urif;ht of hot niitiT. iiiiil ililiitc siil|iliiirii' nciil nihhsi 
'I1i<> (|imiitily of nriil list'd is is|iiiiah'iit to I or I j jitT I'ciit tif stniiii; 
Hiil|ihurii‘ at'iil, t'lih'uliitisl on tlio n('i|;ht of tlio (jnst, or a tsirrc- 
siHiiitlni); niiioinit of IiytlrtK'hloric atiil nmy Ih- ust'd Stisiin is 
(msnsl in until );i'ktinisatiiin is t'lToi'ti'd, thf mash Ih'Iii|; ki>]it 
stimsi durinf; tlir iimcrsa Thr iit'iil is thou largoly noutralisisl 
with milk of liiiio, niid tlio litiuiil ImiUKhl to thr iirtiial noutral 
point, nr lusir it, hy moans of oaloium Ofirbonatr Aftor bring 
cnolnl down to about iiS' «itii wntrr, thr griatinisrd atarrhy product 
in mn olf into thr mash tun, and thr prorriis tinishisl as ulrrady 
drsrribrd. 


I rraiM. Vhiii. Sue., lgl'1,106, 
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In Komo ('ontiiirntn! dihtillmrh an Hinilnr prnccM 

in U 8 o<l, but th(‘ {ntim im Imitiil unitor |»n*<Min‘, ko iih to a inun* 
euiiiploto i‘oiivot?«ioii, aiul in a ahortiT tiino Tlio niairo w uiixihI 
with tuo and a Imlf timos Uh uci^rhl of hot nator mill hti’aiiiHl 
iiiiilor a |in>shun> of Him' atnioh|)ht‘ii's for tuo to thtoi' hoiii> to 
rflfii't ^olatinihiition Strong; hulrorhloia ami w thou adiloil, in 
propoition iMpiivalont to ' 2 \ ihtooiU of tho uoiLdit of nmiro Afloi 
ooniplotion of tho Knoolinritii'alion. uhi<h takes about half an lioiir. 
tho uort ia noiitiahsiil, ooolod, htraiiinl. anil iiin into (ho foimonlin^ 
vata 

Tho main ohoinioal n'.iotion iKoiirniif; in this prm'osH ol aohl 
Rnoohanliontion is tho hvilio* • 

hsis of tho staioli, Jirst to 
(loxtriiis anil niattom*, ami 
then to ilo\liosi> uh tho final 
priMluot It may lio miiii- 
niaiiM'il in thi' o'liiation • 

(•„IIV»,0-1 211,0 - J(',ll„0. 

oSiliK h III 

In praolioi*, Iiouomt, iiion' 
nr loHH of iinohan^od do\- 
tnns and maltoso nmiain uith 
tho doxtioH' prodiiood 

Solid L'liiooM'" and /rlu- 
ooM‘^\nips intondisl for foi- 
niontation pin post's aio also 
maiinfai turod in a siniiliir 
maiinor, naiiioly, b\ miivort- 
inif tho Hlan'li of mai/o, rico 
etc, into siijtar thnaifrh tho 
action of aoiiN Tlio oonsd miIi 
H tanoi^ arc hoatod ^ith untor 
nndor n pTi'sHim^ of ahoiti thris* HtnioHjihoio, until tho stniilix 
nmtorial ih oonvortisl into a paste Hiih is tlion inixid aifh tho 
roquiHito quantity of siilpliurio ami (alioiit 21 por tsnt of tho aoij.di1 
of ftniin tri’Atod), and tho lioaliiif; oontinuoil until tho oonxotKioii 
ia complete Tlio acid ih noiitralisi‘d mth ilmlh, and iillor solthiiK. 
the clear liquid la romovisl from tho pn'oipitntid oahinin sulphate 
Tlio liquki, after heiiiK liKorcd tlimiigh animal i linn oal to dcootnriso 
it, is conccntratisl in nicao, oithor far enough to wilidify on onoling, 
or only auffioicntly to yield a tJiick aymp, acronling to whctlier 
soUd glucow or a giuoosC'Ryrup ia required. 

There in a good deal of variation in tho rompositlon of the 

F 2 



1^ I'M :!ii III! I II 

Im ••niiuriUiiiiiimtiH with msI himIiy |)rii*>iir< 
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fiti. 21 -'UArneiiV or rui'R oirrubiu.v vsysiKUi roH kxtaaction or slo \b. 
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(Egrot ud OrangA, P*rb). 
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proHurtii Hnlid ijInciVMi Rpnerotly contains about fiO to 80 per 
cent of (lextroae, a littto mnltoae, and dextrina op (o 10 per rent 
nr more; the avnipa may rontniii about 50 to 00 per eeiit. of 
doxtroae 

Worts from Su^ar-containing Materials. 

Sugar-beets.—In France, tbo jnien of beet a for alenbpI-ninliinR 
is obtained in a manner quite nimilar to that adopted in tiio aiigar 
faetory for extraeting the jiiieo to Im> in^l an a aonree of aiigar 
After being naahed and alieed, the l)ee(a are extniete<l nilli uater 
liy a pmeesa of didiiainn, niiieii takes piaee in a bifltery of xTSaela 
set in series Tliese vessels, ehargnl nilli the sliei“s of beet, are 
an .arranged that the w.ater issuing from the bottom of one vessel 
passes into tlie top of the next, percolates doniinarda tlimiigli the 
parking of l<eet slices, and extracts their aiigar ns it goes Tim 
same tiling wenra in tiie next vessel, and thna by the time tim 
end vessel of tile series is readied, the juice has become aiiHiriently 
rieii in sugar to be nsidy for fermentation. To miniiniao tbo artion 
of harmful bneterin during fermentation, the jiiieo is slightly 
aeidiliisl with snlphnrie arid, and frequently small quantitien of 
antiseplies such as l1noride.s are added 

I In .\uslria-irungnry, also, niignr-lieets liax’c in rereiit years been 
extensivelv used as a soiireo of aleoliol * Many of the distillrrien 
uso the diiliision process dcarrilied nlmve; but othera utiliso the 
plant formerly employed for mashing potatoes, and extract the 
liei'ts liv heating nitli steam under pressuro in a eonienl (“ Tlentxo ") 
converter The beets are freed from leaves and then tn)Tpe<l, tbo 
mots and lo|is lieing stored separately and the tops worked olT 
first, as they nro moru prone to lose sugar during storage For tlin 
steaming n|)rmtion a pressure of two atmospheres, maintained for 
ono and a quarter to ono and a half lioura, is snflieii'nt, all tbo 
sugar being then dissolved, and tlio beet tissues mlnecd to a pulp 
Both potatoes and beets aro sometimes stcamcil together, tbo 
lower half of the converter bring filled with potatoes and the 
upper half with lieets. When the steaming of the jiotatoes is 
comiiluted, they aro blown nut into the fermenting vessel The 
bents require longer treatment, and are given another half-hour's 
steaming before the pulped mass is in its turn blown out to bn 
fermented Eeonomieally, the use of beets is said to compare 
favourably with that of potatoes 

Molasses.—In preparing beet molassrs for fermentation, it is 
< K. .tiilnl, Zciltch. SpmtimKi., lull, 34. 230, 3(i2. 
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UKiiiil to HtcriliM' tlil'tii by hli);litly aridifyin); the dilutril molamri, 
ami iHiiliii)' the holiitinn A (Hirtion ih withdrawn after moling, 
(Nirlly Feniienled aith yeaat, and returned to the hulk with tho 
iiuu’-iiierenhed aiiitiiiiit of yeast to roiii])1etv thu main feimenlatinn 
As the molasses themselves aie |MK)r in yeast-fund, it is the pmelicc 
to add a little malto|iej)tone or saeehariliisl maize, ur other nutrient 
suhstanee 

(Vine-sugar molasses as us<sl in this eountry are Hini|i1v dissolvisl 
in water to niuKe n aort of s|s'eilie gravity about 1 0311 to ] 040 
In general, no |irelimin*ry iiiversiim of the cane-sugar iinweiit is 
eonsiilensi iieis^ssary, the aidion of the iiivertiua' of the yeast during 
fermentation hemg siinieieiit to invert the eniie-sngiir and nsider 
it fernienlahle When a prelimiiiary inversion is re(|uinsl, it is 
earned out by tn'.itment of the diluted molasses aith acid at Isiiliiig 
(em|H>ratun- for an Inair, the aeid being Hiihs(s|ueiitly nearly 
neiitrahsisl hefoie the fernieiitation is startisl Alteinntiielv, 
a speeial inreision o|H‘r.ition aitli yeast may he eariiisl out, at a 
teni|K'rature of about ,'iO ' 

In (he tni|Hi's, juiee e\|in‘.shed from the sngar-eane and eon- 
taining about 14 per issil of sugar, is fermented diieetli \ aild 
yeast is found on the surface of the eaiie, and this sets lip an aelire 
s|smtnnisuis feiineiitation alien the juice is kept at a leiiijs'ialiire 
of ;I0 3,')'' .Vi|ai |sdiii jnii'e is liable to eoiilain a )H'ni\ydase, 
sometimes in siillieient ipiantity to destioy an tippns iable pro|s>r- 
tion of the sugar, and the jiiiee is llierefori' (risitisl aith a siilgihite 
to nsbiee the (STOwdase befoie feimeiit,iti<m add yeast is 
also ph'seiit III ni|Ni-juii'e, and is iisisl lor the dimt feiineiitatioii 
of the s,ip In distilleiies ahieli employ both ni|ni juiee and 
mokisses, it IS the piaetiee to iiiiK'iilate a |mrtion of the diintisl 
inoiasses aith ni|Hi juiee to produce a ferment, ahieh is (hen u.S(k 1 
for the fernieiitation of the main bulk 

Fermsntation. When the Siiei'harilied wort obtaiinsl m 
the nuiiiner desenlasl has la'cn eoolisl to about ],') 311° anil run into 
(he (ermenting visisels or “ wash-lineks,” it is “pitehwl" aith 
yeast to start the fermentation Hrewery yeast (top fermenta¬ 
tion) IS often us(>d, but the Iwst results are given a ith speeial distillery 
yeasts - that is, selmted eultiire-yeasta adapted to distillery eondi- 
tions If pnaised yeast is added, about ^ lb are employ'ed for 
every 100 gallons of a-ort ITie usual practice, however, is to mako 
what in this miintry is rnllcd “ bub a small-scale prelimiiuiiy 
fermentation in a gisal malt nr malt and grain wort Tliia is 
'* smlnl " with the yeast and set to ferment a few hours befo'e 
the main wort is nsuiy fur pitching; it provides a culture <if 
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>cmn;( \pai4tMrllH. Anti ia tuldiHl (o thr iiinin ttoH hi the 
pmfHirtioii of 4 ti» r» ]K*r vvn{ 

ft [h iiii|M»rt«uit to cluM'k (ho };io\Uh of liurinful liArtiria in the 
early Hhiuis, ah (hi*so orfraiiisnih, hy (he Mi1)siiii»r\ foniioutulitAih 
whii'Ii (hey h<‘t up. Ixilh (liminihh the )iehl of iili'ohol nnd loxier 
LtA quality (ieneni1l>, in the laetiv aeid haa Ihm'II ummI for 
till'' pur|M>>4e, hiiiee a sti|;h1lv add Mort leinU to inhibit the baeteiial 
tlovi'lopmeiit. uhilHt fiixoumi^ the );iouth of the distilleix \eiiM. 
Tlio aeui ih pnahu'etl in (lie se|)niutt‘ small mash or ''luih " by 
iii4HMila(iiU( this, lu'fon* aihliii;; >oas( uith a jaiie cidtun* of tlie 
hu'tio Olid Isu'ilhis at a ((iiiporaturo of .Kt' The ueid Jtstdf e\t'ii1u> 
ally eheek'4 llu* i^routh and aetuity of (lie bai'illi i^liieh priNhu'e it 
The qroi^iiit; organism, lumever, shoiihl not be iiitimliurd into 
th(‘ muni wort, lln'rt^ to i(>jiiveiiale ilM'lf and phsliit'e unntHusMiry 
aeid lienee its deslrut’tioii Is UMialU made eerl.iin b,> heating; (he 
biibto.iboiit 71" .iflerusiillieieiit .leidil v has been iiKHliicsd When 
eiHiliil, tin* imxtiiie Is sis'disl with ^e.tst and fermented as alreadv 
ilesenbiHl 

lalterh, howuer, the mdhod most in favour lor elmniiatiii^ 
nmhNiiabIt* imeMi-oi^zaniMiiH is the emploMiieiit of atitiM'ptioH to 
whidi the seleited \easl has been aeelimatised Thus small pio- 
|K>r(ions of bismuth nitrate or eahliini bisulphite have been used, 
hut hvdrolluotie a*id oi ainmoniiim lltiornh' is now nliiiost alwa,\s 
elioseii The piopoilioii of (he aud einploved is m i;eneral siieh as 
to ui\e )HT eeiit of IIK III (lie wort 'Hns is n'asoiiahlv 

elTeitive against harmful haiteiiu, wheieas leasts «aii In* ikiiih* 
toiiml to withstand foit\ times the iitiioiinl Wlu'ii sueli aeelima- 
lisi*d \e.is(s and tin* lliionihs aie used, (he previoiiN saedittiifiea* 
tioii of the stareli by diastase laii be < aiiied out at the tein|N‘nitiiie, 
•Vi", most favourable for the produetinii of maltose (ICffroiitM 
mi*tli(Nl) 

fii the earl;i sta};<‘ of tlie fermentation prtN’esN (]ii*n* ih a rapid 
developiiU'iit of the yeast, for whieh tin* InM teni|H*ratiiie is about 
17-21'^ Tlie trni[wrature rises as the ojM'ratioii prcs'iSHls, and the 
main feniK'iitalioii (Mrurs, in uliidi the inaltosi* and dextroM* are 
trAnsformi*!! into alcohol, this pK>M on lies! at 2(> 3t)^ A w*eondary 
fermentation also cnaura as tin* ivori bi'eomes wAnn. the diastaM 
aeting on any dextrins whieh reniuin, and gradually (*on\erting 
them more or less eom|fletdy into f<*rmentAbJe Migara, to lie pnimptly 
attaeked by the yeast During the early hours of tlio ymn'W, th( 
** wash (us it is now t(‘rmed) is roused to aerate it and ox])el thi 
earlion dioxide formed, and the tem|M*ratun' f»f thn wash is preferably 
not allowed to riao above 30*, at any stage After about forty t< 
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foriy*r‘ifrlit< Ihmiin. (lie chiof fiTiTivnialioti w o\rr. and the \(anh 
liAH iH'ifMiMJ “ *' dftuii to A HjMKific gravii}' ap))n)ximntii]g 

to tiiut of wiihT It M kc])t for (mother day at 25-2(i^ by the end 
of hIik'Ii liinr (ho pnH'oss m <om|il«>te. The unhh, nhen ready for 
dHtillalioii, contaitm usually about 12 ])er eent or mort* of nle<»hol 
when* the Hyslem of iisiii); eoniTUtratcfl Morta ia ju practice, or 
fniin i\ to 7^ per cent whvTv, na in most diatillcrit'a in thia country, 
tlio wort ladon* feriiK'iitation has a R|K'ciiie ^ra\ity of 1 020 to 1 0.75 
'I'lie feiinf'iitulioti of licet innalus, or of iiuxchI licet and {Mitnto 
nmsIicH, iH cariiiHl out hi Aiiatna-Iliin(;Ary na folhms * With 
beet*iii.‘Hli(‘a alone, la^er ,\east ia aoinetimea used, tin* ]in)portioii 
bi'in^ 15 to 20 lftn‘s of fr<*sli >eaat to (‘ach ItKIO litn‘s of tlu* mash 
Alter IneiKy-four lioiirs, diirinu; Mhicli time about tuo-thiids of 
tile aupar la lerimMitt'd. a further (tuaiitity of fti'sh iHct'imish ia 
addixl, and fi'riiienlation continmal to (‘oni)iletion in another 
twenty four hours ('iiltun* \easla are, howc\er, pieferable to 
U'cr-yeasls, and the Im‘s| resulla luue hetm obtaiiu'd with a jiiire 
cultiliv wine ;^east capable of fernienlimr b<ith sii< lose and rallmose 
simara Thi> \ea'4t is i;niwn ti>r Iwcntv four hoiiis m a portion 
of the beet-tn.ish which has b(‘cn acidiliisi with siiljihuiic acid, 
stilHcicnt to brine iis (otal .icidil\ to 0 7 , the ti'm|H'ratun' bein^ 
kept below 50' 'I'lie partially ieimented piodiicl then niivtsl 
Willi flesh beet inash. a )Ma(ioii td the latter, howc\cr, In'Iii^ roerxed 
for I'i'owim; file \casl to 1m' used in the next day's mash The 
tein)H‘ratnrc of the main mash is maintaimsl at 2!)*' for ei^ht to 
ten hours, aflet which the tcin|)(‘ratiire shows no tendeiics to use 
Kcrmcntation is complete in tweiitvfour honis after mixiii^ Jt is 
immaterial whether the fernieiiliiijj %als aie eheasi or ojkii, simc 
there' IS little daimei of infis'lion Woilvim; with the cultiin-^east, 
the quantity ol alcohol jirodiusMl fHT 1(K) kilos, of su^ar jm'sent is 
about 00 4 Idles, whcieas when Ims'i- j*isist ik ciiqiloyed the yield 
IS only 5t to 55 litres 

When IkiIIi bisds and ])otutoca (or iiiAi/.e) arc used, the potato- 
(or inaU') mash is first fermented fur tweniy-foiir hours at a 
temperature not ahovc 25*’. At the end of this pi'riod, the bect- 
inash is well stirred in. and the fermentation allowed to proceed 
for another Iw’cnty-four hours, by which time it is completo. 

Changes during fermentation.— When yeast acts 
n))on (he sai'eliantied starch of the wort, it converts the iiiultosc 
at firht into dextnibe.— 

Maltosis Ii(xtr(SH'. 

^ K Aulul. ZfiMh SpiriiMiwitt lUll, 34, 23U, ..IS. 
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Thi'i r<m\crHion is l>nniglit nbcnit tliroujjli tlu' agon<‘> of Oio 
cnxymis nialfum, (‘iinliiiiinl in ordinnrv u'nst 
Tiu^ IS tiu'ii (li*(‘()inposi.il U\ (lu* nctidii of nnotluT >rnsl 

onKvinc iinni('l\ ziftnn'*t\ (hii^fly into aloohol ami ('arlxm ilio\i<lr 
Til tho luain. tlir cbanuo jnoifcdH aiconhiijr to llio fidloMin^ 
oqiiiition > 

lirjlsttli ! St'Da 

ISvIioH** Vltiilinl (ailiitii iiiiiM(l< 

Tills liouovor, IS \i‘ry fur fiom irpri'H'nlini; all tho ]iio(lii«'ls ot 
tlu* ('oiiiplc\ K(‘ni*s of olian^i^ itioluiloil tii^lor tlio iiaiiu* of nh'oliolic 
foriiH'iilatioii Manv I>n iirodurts rosnll, the iiatiin* anil projKiilion 
of uhnli (IrjiPiul upon llu* loiulitions t tj, tho (‘liarueliT of tlio 
\iort and uMst diiof aniou^ (hcM* li\ prodm is us i|iianlilv 

air ulvrrrol, tusrl oil, and smriiiir and ; in smallri propotliotis air 
olliri l.illv ands (foiiiiK airiir. propmuir, lailinr. and ladir) 
Mith aldriiidrs and laiioiis rstrrs (rllivl arrl.ilr, bul^iialr, rapioatr, 
• t( 1 

P.ishsir Hint olivi'iird (1R.1H) Ihr roimlant (Kiuiinnr ol ^l\rriol 
111 till frrnirntatioii ot siitr.n Miliitioiw; the ])r(Nl.irlion of Mirriim 
and li.id hrrii nolrd lo, Srhiimll rlririi xrars prriioiisU Tlir 
ipiantitv o| t;K(riot found li\ histnir muh II10 ]H*r rriit, and of 
siurinir .ind OtiT |ht rmt., of tlir ixijfht of ram> su|;ar takrii. 
Imt, as alirudv iiidiratrd, tlirsr aiiioiiiitH \nri soinruliat Mith tlir 
jiirliiiil.ir ronditions Pndtahiv (hr ;:l\rrrol la drnvrd from (hr 
sii^.ir Tlir fiiM‘l ods and llir surrinir and, liourvrr, liiur a 
dilTrn'iit oi]i;in In thr formnitin^ Mort and also in tlir irast, 
llirrr .in* pnitrid siilnlaiirrs uliirli his'oinr liidrnivsrd to ainilio 
aritN ; thrsr. in thnr turn, takr up thr rlnm iitH of \vaU‘i, and arr 
i|r(om{HMn] with Ihr olimination of ammonia and rarhoii dioxidr 
and thr priNlurtton of highrr ulroliols (Khrlirli) 

KCHfXjgcoon mi^o riifUj-mi \ nh, i coj; 

\ttinin arut M<i>lirr ulruliol 

Thrso highrr alcohols ronstitulo tho “ fnarl oil ** {qv, Chap X) 
Thr siinnnir acid in formed in a Homrwhat Miiiilar inannrr from 
ghitamir and, hut oxidation is also invohrd Thu ammonia 
rhmmatrd is apparently as.siinilate<l hy the >rabl. 

('?aiie-sugar solutions arc not dirretly frrmrnlahle hy yi*a«t Thr 
sugar is first hydrolysed to “ invert " sugar, a mixture of dextniw 
and laivulosr. hy thr enzyme tawr/flss contained in hrewers’ 
yeast. - 

Cuno 8Ugsr. iX’xIroM* HI- 


Invert-augw. 
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BiiUi tliii ili'xtnw anil tin- lirviiliiM) nrr tlirn, likr thr ilrxtmee 
iibtainiil fnim mnlliiM-, niiiM-rtiil intii alt'iihiil nnil ciirlxm ilioxidn 
by till' iiiHtniiiii'iitulily iiF tlii' zyiimM' Thi- |iriiilui tinii iif invcrt- 
Hiifiiir, liom'V'i-r, la miin' ra|>iil Ibiin ita fiTini-nlatinn, mi that tho 
inviTl-NUiiiir lUi'iiinulali'H in llii* Huliitinn until the I'uni'-auitar is 
all invi'rti'il 

Will'll a Miliibli' |ibiM|iliiiti' la aililial to a iiiixliirc I'linlaininft 
yi'iial jiiii'f anil uiiili'i'Kiiin)' ali'iihnlir fcrim'iitaliim, till' rail' of 
{iTiiii'iitatioii ia iiiiii'h incn'aaNl, tlinu);li tlip iin rcaai' ia not jHTina- 
ncnt Thi'n' la I'l iili'iicc^to allow that hi'MiW'phiMiiihati'n, 

im’ forttiHl flurtn^ tlic frrniriitatititi of and thi'y |ila\ an 

iiii|K)rlaiil*|Kirt iiM inlcriiitiliatc coiiiinjuiuIh hi tho iirodiiotuui of 
iih'oliol * 

'I'liirt iiiciciiHod ialt‘ of fciinontiitum on addition ot ]ilios|)lia(i*s 
diN'S not, liouo\iT. ordir uith formoiitation h\ xoiott ooLIh, 

OH diHtirict fi'oin fornioiitatioii liy \raH(-juii(> 11io dilTm'iiu* im 
|MT ha|)H dm* to tin* fact tliul with living ,\oahl tin* firiNOhM lakoM 
xtithin tin* of*!!, uliich nli'ondy I'ontiiiiih a Mif)irH*nt Hiip|il> of 
phoHphati* M(in*ovor, tho ooll-inotnhiniio inii> not ho htinii loiitly 
|M*niioahlo to phoKphalo to alloxv of an additional rpiantit^x hoiii/* 
iitiliHod 

11 sooina pnihahlo that vxlion llio Kiij;ar dilhisos inlo llio ooll a 
ooiii|Mainil of Hti);ar and oiikmiio is toiiiiod. uhioh nsiol'^ xxitii llio 
pliospliato pimiil to form a lioxoM'pliONpliato and. siiniillanooiisiv. 
aloohol and oarhon diovidt* llardon Mll}a;o^l^ that two iiio)o(‘iilos 
of lak<* |)art- in On* n*aolion, aci'onlin^ to tho following 

(‘<pialion 

•ilVI,:*), |-3(Vt.O | 311,0 [ (Vl.nOdPOjy, 

Tlio hoxoNophospImto in thoii d(‘(‘oni}K)si‘<l, and tin* lilaTalod plioh' 
plialo Again oiitorn inlo tho ivactioii miOi nion* sugar. 

'Hio liovoM* pn*Mi‘iit in tho phosphnto ap)K*arH to lx* la*\iiIoM*. 
Krd* hoximliplioMphoru* aotd it»H>lf in doxtn>n>tatnr\, 

hut tthoii tho aoid in hylrolynnl ilio rotation ohniigoM. and 
lipviiloiio iH pniduood Aooonling to (' XoulH*rg and hm oollaho- 
ratora,^ iioitlier the fnv aoid nor its aolubk* or inaoluhlo wits uith 
alkalis or alkatiiio oartha can ho fi'mionUnl 4)y living .xoaat, oven if 
co-fonnoiit ia added, or artiliouil aetivaioni. 

Another viow of the process of foriuentakioii has ht‘on much 

^ A. Hunkii, ** Alroliulio ForiiiciiUiioii,** Chap 111. 

J tiwhtm. 1017, 83, 344. 
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At'i'ordhi}! tr» tin's, Ihr suKur itsi’If is 4*nnvi‘rl4*d into 
somo iiiltTiiioilisitc 4'4ini]H)tind uitli thn^' (iiiIk»ii ntnms, lH*f«in‘ liHiif; 
iiniillv lransf<irim'(! into tdc'oliol and uirlioii dio.\idr Ijictir arid, 
iiudli>l ghoxnl. jmiImik^i.s of foiimildrlixdr, clurialdrli^do, and 
dili.>drox>a(’rtonr an* si»mr of tin* (‘oin{HHiiids uliirli lia\r hmi 
Mit!tt('Ht4‘d but thrn* is litttr {Hisilhr I'MdiJitr in fuxoiir of tlu* 
avtual (S'rurrriK i‘ of tllt'sr roinpounds as st,i;;fs of tiKohola^ ffiiiuaita- 
tion On the roiilrary, tlu'rr h liood cxulian'r aitaiiist tlio probii' 
lality of Honio. at Icasl, of IIioh* cianiMiiiniU Ih'Iiik tin* iM‘i'rssarv 
pn'i'urHorN (»f alt'ohol m the traiisiHKitvai of sinr.ir 'I'liiis lartn* 
acid. fVI,Oj, mis[lit <on('<‘i\ahK Ik> split up into alcohol iiinl cailHai 
dioxidi*. aa slnmn in the sini|ilc ci|uatioii 

(‘J'fcO I <*<*2 

As an c\]M*iiim‘ntal fact, Iioucnci, lactic acid is found not to he 
JfcTiiicjtl ,^ In liMiiK \<'ast llctnc the* lactic and li>|KithisiH is 
although there' is cMdcncc (sic hclou) that a smalt 
ois acid IS, ill fact, piodiiccd duiint; fcainc'iitutioii 
iniculial hcttc'* n*asiai to think that oiliMliowacrtoin* 
.ii\ an iiitcniicdiiitc (ircHiuct m alcoholic fc iincntation , 
a'ith our ptcsi'iil Kiiowlislp' no tiiial lonclusion can lie drawn 
a to the* pH'cisc c'lnanital chaiif;cs whiili occur 
Pcinhacli. houi‘M‘r, has shouii (hat pM'iiMc acici is tornicd in 
n*lati\(‘lv lai^c prot>oitioii dining alcoholic fcrmcnlatioii. and it 
IS prodiuiil at the* i‘\|n'|Im* of the stipir Ity iciniciiliii^' ;;liicnhc 
III the prcsi'iiccot tali nitn caihoiialc. the p> rii\icacid was neat laliscd 
aa it uas foriiH'd . and the t'alciiim sails scpaialcil, wliicli in Hiiiin 
e\|N'riim*n(s lunoimtcd to onc-fonrtli (lie weight of sii^ar fciinciilHl, 
ucic niaiiiK composed of calciiim pMiivalc ' Some caliiiiiii lactate 
was also jiriMiiii'C'd, the luetic acid iiciii^ pri*siii]iahly foriiU'd h\ tho 
r«*diiction of pynnic mad 'I'lic latter is rcaiclily Icrinciitahlc by 
vcaist, the prudiiets heiii^ cat lion diovide and acetaldehyde; and 
Kernbacli Hii^(*stK that the ahhliyde is tuitlier coiivc'rtiil into 
alcohol b} tin* n*duciiig fic'tion of the >(*asl Also a possible* souice 
of the suceitiu: and jmHliieed m framentations is sntE(rcst(‘d by tin* 
fact that pynivie aeid n'udily eoiicleiises to a lactone, wliicli with 
elimination of (X)| ia transformed into methyl mieeinic acid. 

Some further eviekmec in »up|H>rt cif the ac'elaldoli.vde'pyruvic 
aeid theory of fermcmdition han recently b<4*n obtained by Ni'iilxTg 
and Roinfnrth * ^Wording to the theory ui> Ret forth by theai* 
authors, when 1 inolccalc of augar w dt'comjHiHefl a ])art of the* 
molecule forma 1 nioUMnilo of oldchydi*, tin* otlier juit acting aa 


> J. hut. Unwng, 1910,82, 354. 


* IhoeUuH. ZcitsLh., 1910, 89, 300. 
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“ at^ptor ” for li,vc1n>Ki>n By fmnontnig siiijar in tlir prrBoncc 
of iliHodiiini siilphiti* to “ fk " tin' nidphydr formed, it Ims been 
found [losHililo to iHoInlo aldehyde to the extent of aliout three- 
foiirlha of tho iiiiiouiit required by tho theory. 

K I''. Arinatnjnft ha.s auggeatcil that the enolic form of the 
hnxuae-auqarti is tho aubslanee actually enterin); into fermentation.' 
This view i.s bawsl upon the facts (i) that, aeeonling to this investi¬ 
gator, all yeasts nliieh feiment dextrose also ferment In-vulosc and 
mannose, and (ii) that these tlms'siigars haven common enolic form 

Rate of fermentation. —Slator^ has shown that the mto of 
fermeiilation of dextnise by yeast is proportional to the eoneenlrn- 
lioii of tho j/aiitl' over a wide range of eoneentralion The rate is 
almost indi'|iendent of the (smeentration of the mignr. exiejil. in 
very diliiti' solutions Tho ditTusiiai of .sugar into the yeiist-eell 
IS Niillieieiitly rapid to supply mine sugar tlinii eaii be feimentisl 
by the cell, even m dilute soliitimis' Leuilosu is fermented at 
the same rate ns dextrose by ditTcrent M-asts, and miilto.se at 
iilinost the same rate, by those yeasts uliiiii (saitaiii niiiltase .Malt 
wort, diiniig the first |Kirt of tho feriiieiitulion, is also ferminted 
at the .same rate as ilextnise . the temiwrature anil the loneuntiii- 
tion of the yeast are the chief factors nhieli deteiiiiine the rate 
Tem|H-rnture, in fact, has a eonsideralile intliiems' upon the acti\it\ 
of yeast .\t .‘I.')", for instance, the ((uantitv of sugar fciiueiitisl 
jier unit of tune in an ex|H-riment was nearly double the qiianlity 
at 2.')°, and this again was about six times ns niiieli as at lt)‘ 

AutOfermentaUon.—It may be incntioneil that yciist itself 
iindergiK-s fcrmeiilatinn NVnily all samples of yeast eniitain 
glyeogcii, the amount \aryiiig oi-cording to the age of the yisist 
lilyeogen is the ix'sene eurbohydrnte of the yeast ix'll. and it is 
readily feriiiented within the eell, this “ niitofermeiitatioii ” pio- 
diicing ahsihol and earlion dioxide as iii the fermentiition of the 
ordinary sugars It has bixm suggested, indts'd, that the foinia- 
tion of glyeerol also is due to a similar aiitolytie dcstniction of the 
yeast itself, and not to the deeoni))osiliun of sugar by yeast iSueh 
an autolysis, it is eonsideml, might oeciir through the netiuii of an 
enzyme on the protein miitenal of the yeast-eells* This view is 
supported by the statement that when egg-alhnmin is added to 
sugar solutions which are undergoing fennentation by yeast, tho 
proportion of glycerol produecsl is greatly inereasol No further 
evidence, however, appears to have burn addiired in favour of this 

> Pnr. Ito). Sx, 1004, 73, filll-:6 > rnini.Uhtm Sx, lt)ns,86. 173. 

' Slator Aiid Sami, ibid,, lOlO* 97* U22-027. 

* J, H. Carracido, Rtvuta Acad iSci., Moilrid, 1004, 1, 217. 
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suggcbtion, and tlio sugar giuKTall) n'gnrdnl as Iho most ]m)l«Al»le 
souroo of llu> gl,\crru1 

Yield of alcohol. To oht»ni a C‘ 0 niph‘((* (‘Oiiver^ion of 
tho staHi into Mignr and nlroliol is niiprartioihlo Kven under 
Uio best conditions the yield of ah‘ohol is, ftoiii \anouH eniises, 
appn'piably loner tliaii the quantity theorelicdly obtainable if 
the stiin'h eould bu all I'oineitt'd into aleohol and eiiibon tiioxkle 
only This theoietieal quantity uould be 

Fi'oiu the sngarit (d(*\lro'M% etc ) 51 J |mt <'eiit 

.. <• (lnal(t)^e. MirruM, ete) 5^18 ,, 

From stnreh ^ 5t>H 

About six-scveiiths of the (lu‘on*l>(al Meld is obtained Taking 
stan'h as the sturtingqKiiiit, it is estiniiiled that from 12 to 2n ]Ki' 
cent is geiieially lost ni om* ua\ or other b\ the time tin* feimciitii 
tmii IS linidied Fnim (»In lo pir rent of the staieb ami dextrin 
remains iinleriiienled Ibiiing tln^ f(‘riii(‘ntii(ion» 2 to 3 |M‘r eeiit 
of gUieisd H foimed , a j>ait of tiu sugar in lim'd up in providing 
iiiiltimeiil for the ;ieasl, and a little aleohol is lost 1 v evaporation 
Aiiv side fernieiilations that oeiiir throngli the agemy of hnetena 
or other uoti }east organiMiis will Mill fuilher liiminish llio )ield ot 
aleolnil Jn a badiv-eoiidm ted operation the ahsihol produMsl 
may is'jiieseiit ii(»t> moie than ahmil 72 |>ei teiil of the niigiiiid 
taieh A good vieid is b gallons of idfsolute aelohol |ht JtN) Ih 
• i star<‘h. as eom{).iied with a the<iielieal >ield (d 7 10 gallons if 
the Maieh <‘oiild he all tiaiiNfoiiiinl into ahohol and eailioii dioxide 
atone Thi.s 0 gallons leproi'iils 8,3 8 |M'| <i>nt of the throjetioal 
>ield. hlioviiiig (herefoie a lobs of 1<»2 [S'l eent A \ield of 
O', gallons, ioiiX‘s|)Oiidnig with a Ions of II 3 ]K'i eeiit, would Iw 
u high yield, obtainable timh'r the Is'st (onditioiiH, Tij gidloris 
Would n'prt'Si'nt a medium result, and oj would ]K)iiit t<» the eondi* 
tions Ix'ing iinsatisfaelury miinewliPie 

Jn British pmetiee, the average vK'ld of ahsiliol obtairusl in 
urdiimry good working with luln dried malt and gram may bo put 
at about U«)| gallons of ubsulute aleohol or 115 gallons of prmit 
Npirit per tun of matenals 

''Attenuation" yield, — For revenue imriKwcB, ill 
this country a presumptive yield of alcohol is ealeulaicd frf>m 
tho quantity of wort, lind its BjKTific gravity before and after 
fermentation. If, for examjile, 70U0 gallons of wort at hp. gr 
(water = 1000) are fermented down until the sji gr is 098°, the 
amount of ** attenuation,** or ^'di'grees of gravity lost/* is 
10^ — 098 =47°. It IS presumed that for every 5 degrees of 
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Piravit} t<Mt thrn- ia jinxluml alrabni rquiralont to 1 per cent. 
Ilf priNif spirit, the i|iiiuitity nf jiriK.f spirit thus eiilciiktcd is the 
“ atteiiiiutiiin elinri'e " Tims in tlie rxaiiipio taken, the eliart;e is 
TtDX) / 47 

KKI X 7 ~ (jallons 

In praetiee, the yielil nf alisihol nhtaineil is ahiiiit J.1 tn l.'i )H‘r 
eent ninn‘ tliiiii this The eiileiilatinii. huuever, selves ns a 
nni);h elieek U|siii the ijiiantity nf nienhni netiiiilly nhliiiiieil, anil in 
spis'ial eireiiinKliinees the ehaipp- nf iliity niny Is' ImsisI ujsin it 
The table p;iven helniv, ealeiilateil from lUla |;iveii by I'lliiiniin,' 
sbnws the aver.i|;e,\ielil said to la-nlitained in I'nntiiieiital pnu'tiee ; 


• 

Almliol piiMliiit'il 

, Miitfiiiil 

(tiilloiH (HT ton 

Itiirii j 

7 J 

licnt 

71 

him irniin) 

h.'i 

Miii/i* 

7» 

Miumih* 

HS 

MoIiihhi'h, Ihm ( 

«>t 

„ f'ltllO 

7»i 


li.'i 

JNtI 

2(1 

„ , ilni'd 

H3 

lU*t> 

85 

Itje 

75 

Siikfiir UrN 

11 to 21 

„ nnii* 

IS to 25 

It I IHIV 

l.tl) 

WlH'llt 

7M 


The fnllnwitiK table, shnuiiif’ the jield uhieh may be obtained 
pmetii'nlly from vniinns mati-rials, is due In T II I’. Ilerinl ' - 


eiiinii \l. iihi.ii iir iiihimiii. i itnil imeiiuNT nwv mitiium.s 


Miitoriiil. 

AfNiniM'd efiidctit of 
Mliiroh oi 

idisoluto 
hIiiiIioI 
imKilllHHl 
|M't toil. 

of 

Ihi'ondiral 

}j<‘Id 

t'nno iiioInHmw 

57 7^4, tot 111 Mitrnm (ui (k>\> 

IIU 

83 


lro^>) 



nioltlHM'M 

.TtP',, MiirnNi* 

(l» 

83 

P«ltlil(MN 

2(1'*,, Miiicli 

30* 

77* 

lllM‘1 pNltl 

15 -1 •iiinosi' 

20 

87 

Mima* . . . 

ISI",, hluMi And Kti|ptr\ 

84 

87 


Ailli of iiiaU. i 

Hill' ... 

75'*^ Mtari'h 

80 to fM) 


VVihhI vnwrliHt . . 

Ni|mi imIiii Mlp 

14 -10% siu'WHi*. , 

28 to 45 
by 

\olurni' 

74 


* tl»ib in till' i»ni{iniU. Imt ono vr oihor of tiu' iiuinbi'ra im irn'oirH*!. 
^ Knz^kfoif drr Trchn, Chfmte, 1, 752. 

^ J. Hoc. Vhfm Incf.n 1915» ai 338 
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H Ost' give* the fiillcraiii); at heme ahimingthe niM'rations in a 
distilliTy uuing |Kitat(M's 


(KNI ki\m, 2(1 |kt mit \ (2 :» ) nmltifl 

HtAnh) Stcaninl in cniiwrtor unit I 


blown out 


I ' 

I ^ 

I’litatd miish, with giiim iniilt 
(1 kilns ) Kiei'h.inlieil ill Ikl 

I 

1 

Mniii viirl 

I’lti'liisl wilh jeiist (seieii-eighlhs) 


i 


(in'ell liiiill (' Isillg ’’ liiiilt) 
It kilos 

1 . 

mull (] /i kilos ) iiinhluHl 
at (1.^ 

(Vrasl niiish or " bub ’) 

I 

S«um*<l at 
I 
4 

Coolril to 2tl , and ]»it(lu>il 
with motliiT,\4‘nst 

I 

i 

OiM'-cijtlith of tin* ycoHl r(*- 
for next Imtt'li 


1 

Fi>nn(>nt('fl uash 
I 
I 

DiKtilliition 


I 

(*arbon rlutMilr, aboiil !) kilos 
I (» 4 iii 


i 

j- 1 

Spirit (12 r» litn'H, HK) pi<r mil) S|N>nt Wtisli (I5tl litn's), 9 kilua 

(Irv Hiibati'inci* 


The *‘Amylo "-process of fermentation.—It Iwih 

alrtNKly lH*(*n mentioned iinrler Venbl ’* (p .VI) tbsd eertnin of 
tbe itioulds Keendc aiii\ln*H> (diristaM*) and also fi'mieiitation 
enzyinea. Tliia projierty has b(s>n iitibsisl in a proeeas of »oinbijied 
MiCGhiiri/ieatKiii and feriiusitation, whereby th<' iim* of nmit ih 
diapcniKsl with in obtainhiK aleoliol fnun Hla^‘lly inatennla llie 
methoil in <|uf«tiuii is eniplo\(sl on a larKe aeale in IMfpiiin, France, 
Hungary, Italy, and S[Ain 

The mould originally employisl was the miioor AmyltAnjfCpif 
Rouxii, from which the “ ainylojirof'cas took ita name Thia 
organiHin, hnwevi>r, was latter on aiipplaiitisl by other moulda, 
^ Lehrb. Chfm, Tuhnohuffit, 1914, p. Q2B. 



so 


AU'OHOTi 


CHAF. 


Mucor-fit Mueor-y, anr] Rhi:y*puA Dckmat, uliiWi Hon* found to 
produco IrMH »(1(1 than A. Htumt 

III addition to obviutiiif; the use of limit, uiiotluT feature of the 
pnK*es<i is tlio adoption of purc‘-i‘uUure piinciplca for tiic opera¬ 
tions 'riio Jiiasli JH sterilised, arul the converhioii and fermenta¬ 
tion are eairiiHl out in closinl vesiK'iH As repards this, houever, it 
may bo iiotivl that a sjH’oial eulturo mould (Mucor lUmhinl No. 5) 
hns n'cently birn intriNliU'ed, Hliieli is statiHl to aet so vigorously 
that there is no longer any neeessity for the adherenee to asopiie 
eouditioiis ’ Isieletial developm(>nt is siipprcKU'd when this oigaiiism 
iH used 

Calmette isokited A Huujrti in 1SP2 from (liinebe ii<‘e ferment, 
and he, u<th M Hoidm, workisl out the iiidustriul prcK'ess, wlmdi 
was first tried at a di.stillery near Lith* in IHDH 

Although the iiioiiids employed eaii not only eonveit g(>Iatinised 
stan'h into dextrose, but eiin ferment this sugar into nleohul, the 
fermentation stage is a slow one Honei*, in prndiee, yeast is 
added HI onler to hiiHten and eomplete the i<‘tinentn(u»n The 
yeast geiiendly employed is Stirrharoniyreft muufunin^i (‘ Annainite ** 
yeast), wliieli acts hesl at the s«ime leiiijM'iatiiie as that at which 
the iiioiilds develop, naiiiel), ilo-IlH’ 

The chief matenuls iisisl for mashing an' mai/.e. nee, potatoes, 
muiiiiK*, (Ian, and iiiilhd. A iiuibh of sp gr about I (l(K) is pu'ihiis'd 
by steaming the iiiatenal under presMiie, m ('ssi'iiliallx Ihi' same 
manner as already deseribed under " Mashing '* 

The fermenting vessel is a vertical iron (‘vlinder with doiiu'- 
ahapisl ends, closed, and of ea|meity alsmt 22,(MX) gallons, or mon'. 
An outlet IS provah'd at tho Imltmii for the fc'rmented mash Thu 
outlet si'tves alnO for |mssiiig m a ('iinx'iit of usi'plic air during the 
early stages of the h'liiu'iilatjon. Near the top is an inlet for the 
steamed mash, a vent for escape of air and carbon dioxide, and 
tubules wliieli allow of tbe introduction of the mould ciiltun' and 
the }east, us also of the withdrawal of sample's to observe the 
progress of tho operations. 

'riiu hot mush having bivii passed from tho steamer or " c<K>ker *' 
into tho fermenting vc'bscl, a current of air, filtered through stenlised 
cotton wool to trc'c it fnmi miero-orgamsms, is uijeeti'd into tho 
mash whilst tho latter cools, siiico the mould requm's a certain 
amount of oxygt'n for tU pnqmr development Tho coolmg is 
done by running water down the outside of the vessel from a 
perforated tube passing ruuiid the top: it requires ten or twelve 
hours with a vessel of tho size mentioned. When tho tempi'raturo 
IS down to 40°, Uie mash ia inoculated with the mould, of which a 
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cnltiiTO has boon prcpaitnl by growing the orgniiUm on BtcriliMKl 
ricNB until a rii|Uoiis pnNluHioii of hikiii*}* obtatni'tl Tho spnrt'H 
aro distributed in storiliMNl uatei and the iiiixtiiro added (o tht> 
inaaii, ])n‘ciiutioiiH against haetorial infiTtion lH>itig taken <hiriiig 
the addition 

The current of air kiH'fis the niaali in nu»tioii, and the stN>n'H an* 
soon <listribuU*4l (hroiighout the start'liy iiiateiiid 'lliev de\eloii 
very rapidly, and in the ('iniiM* of tuentv to luenty four hours the 
mash is }a*riiicatcd by tlie groning iii^ii'liuin No sneehanficalton 
goes on during this first stage, nliiUt the mould is developing 
After about tventv-one hours, h(»ne\er, the (<mveiMoii (»f staieh 
into sugar iK'gins; and at the end of another t‘ig)g hours or so, 
wlieii the saeeharilu'atioii Ls well under nay, the n‘4tiii'>ite«<pinn(ity 
of ,>east IS uddisl 

Ahout tueiit>-four hours nn> requited for the ;seast In develop 
hiiJlieienlly to set up a vigorous feiuieiitution Tlie turreiit of air 
is then stoptHsI, and the operation pnseeds until (he feriDeiitatitiii 
is 4‘oinpletn and Iht* uash ready tor distillation lii (his later stage, 
(lie tuo proeessi’M of stus'hanlu sitinii and f<‘riiieiitatioii go on siilo 
by sid<% thi' mould iiiiishing the transformation of lh«^ slan'h into 
aug.ir, uiul th(‘ usist converting tim sugar into aUohol. About 
four dti^^s arc ns(uiriH] for the sacThntifMiig and ferineiiling opera- 
fion, hut this time can he shortincd hy eiiiplo^mg a hub of the 
mould ^ 

\d\ant>iges claimed for the amvlo pioeess are a hotter j^iehl of 
aleohol, a purer pnsluet, and «‘conomy of malt, as eompuitHl with 
the oidinaiy mctluMl Since the conditions of uoiking excludo 
baclvriul eontaniination, there arc no buctiTiai sulo-fernictitatioiis, 
and the spirit ooniaiiiH few(‘r impurities • less fori'shots and tailings, 
aiul less bisot rU iv'gaida the mult, a single gram of the mould 
sutiiceB to convert 25 tons of maize ('oni]inml with operations 
where IP or 12 per cent of malt is used, nihcn this 1 gram of mould 
is employed there is a saving of alnmi 5 tons of mall, and. in addition, 
of anoUicr ton of standi which m used up ami lost in making that 
quantity of malt 

Some published iigures stiow a yidd in the amylo-process of 
405 Uties of alcohol ]mt 100 kUos of and 42 3 litres ])cr 
100 kilos of rice, equivalent, rospitcUvely, to 7 92 and S 27 gallons 
of proof sjnrit per cwt.* 

There is a legal obstacle to the use of the amylo-process in this 
country It is a statutory requirement that the specific gravity 
of distiUers' wr»t before fermentation shall be ascertain(‘d hy means 

' 0. Uruve, if. Inrt. Brtwtng, 1014, SO, 248. * llpjVti, lue. cU., p. 2511 

(» 
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of tho saccliaromi'tor, and thu, lut will be gaihorf^d from the descrip¬ 
tion given, iH jnipraetieablf^ jii the nmyln-pror-esM TItat such an 
obstacle cxistH is iiiifortiinute Jt prevents advantage being taken 
of any benelitn whi(b the proe<‘f4H iimy offer, or of any dm^lopnients 
to whi(‘h it may gm; rise In short, it inijiedes pmgn'ss 
Use of bacterial enzymes.- 'Another interesting applica¬ 
tion of niieni-organisniH to tlie pnr)H»>eH of the distilling industry 
has work<'d out hy Ikmlin and MlTront. 

hi the su<>ehiirifi<‘ation <»f stiindi by means of malt, the malt is 
an e\|K'nsivc iiign^dient, and iniieli 4if it JS used up iii lii|uef>iiig 
the stureh in both the malt eonvt‘rsuiii aii<l tin* amylo-prtM'esa 
then* IS a eoushlerahle hs^s of the niliDgeiious eoiistitia-ntH of the 
grain, o\er and aho\c uliat is iu‘e<‘ssiii\ for nutrition ot the ^easl, 
I'euwai of the eoinersioii of piiileins into sohtbh* nitn)genoiiH 
eompoiiiids uhieh pass aaay m tin* residual lupnd after the ale<»liol 
has lieim dislilh'tl off 

Doidiii and KlTnuit seek to avoid f)r miniinis(' this toN4, to ei-ont)nnst‘ 
malt, aii<l also to obviate the need for e(N>king " or steaming tho 
gniin iindiT pre^^iiie in the ]ii'eliniinary stngi's of masliing This 
they <)o hy llii^ us(‘ of iNU'leiinl enr.uiifs e.i|)abh‘ of Ji(|iief^>mg 
stureh Imihiujiiglillleornonetiotion thepioteiiis * The organism 
emphiyed iHaeertBinH|K‘ei(‘sof JiiiciHHttnu'HfHhtifW*. '* a(H‘limalis(‘<J 
h} eiiltivalioii under the H|N‘eiul eonditions to piodiiee a inaMmiiiu 
amount of enzyme 11ie liaeilliis is gninri in an alkuluu* niediiitn, 
stiiaigly aerated ; the eiilliiie liquid thus ohtaiiied iius an ai'livity 
Hiieli that It will hqiiefv IIKK) tunes its weight of gi.iiii, ami hy 
<’oiie«'iitration in twim pMsIuets siv limes as stioiig ean Is' ]»ie|NirHl 
111 using tliiNe (ii/.\ines, the grain is lirsL Miakisl in an alkaline 
solution llion •sMirselv ground. miMsl with two volumes ot water, 

, , .1, ivi'S UiaV ^Oi « ’ 

«„.l 10 75 str. Tiu-u.- ■•-W.-d at 

thin tfiiiiM'iutun', tmd lUloawl lo act for a jn'iiod ot tliiilj to aixty 
inimitcH, by llw end of «liioh tinio tlic hturcli in all Iiihh'IkiI. 'Jlwn 
tho iirnali la iM-atocl lor aonif time at 110 12U". and aulaaaiueutly 
wailed to (10' 111 oix'ii villa Malt la now added, in the proportion 
o! 1 to 2 per rent, ot the grain, ami the aiieehantying aetion allowed 
to proewal for an hour My n'aaoii of the previous lupiefaetion, this 
Rinall amount of malt aunieea for eompicto Baeehanlieation, and it 
also supplies suftieienl yeast nutriment. 

After cooling, the wort la " pitehial ” with ycaat acclimatiacd to 
hydrollnorio aeid, and the fermentation completed as uaual. 

In this way n larger amount of nitrogenous aiilistanec remains 

■ Kffnml, UiiK'luMiiiral Ciilalyals ui Lite amt lialmtiy," V al3. (Wd^r 

lan.) 
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andu«olvp(l in (he “ graine ” nr n-eiduo from (ho meeh, end ie 
AvailaUi- Ik. a fiHHlxIun for lattlc, iu«(iiul of liohig n-ndi'nil Miliililr 
and ran to wnetu in (ho hiiont Ico!i, ee in (hr onliiinry jimmiH. 


IV - niSTlLI-ATlON ANP HI'XTIFK'ATION 

Till- foriiH'idoil nneli contniiis ne chief vnlnliic coiiKtitncnlK 
alcohoi. watiT, ami fiiM-l oil, ailli niiall (|ioiiititics of metre acid, 
aldcliydc. iiiid enters Its non-vola(ili‘ iiigrcdicntK inclnilc aolid 
|urti('lca of IniHka, yca«l, prolciiw. ghcciol, Miccinic, liiolir. and 
other f.itly aeiili, and oiineial kallH To ke|iiiiatw llie iileoliol 
fniili tliiH iiii\lon- leeoiirke Ik li.iil to the pnu'i'ks of distillation 
Pot stills. iVt till) smaller distilleries ulieie mult nliiskieu 



b'li siaisi isosiiil. I on hmii o. ui ill i umii ssi it 

H) ti) ^(ili Im.hI , 11 ) iiMr U'lini illi-lim Iiiiiinlit (■> I(i|. Dprli^} 

arc pnHliK(*(1, und ulicn* il h tin* of the diHtill«*r (o n>lain 

in the pnMluet muih* of the estiiM, liifrher aUoliolH, iitid otlier iMKlies 
which give Iho hjiirit itH (harniteMHlie Ihuoiir, the a|i|mr:i(uR 
cuipl(»yf‘<l iH the n'l(iti\el\ Hiin|ile “ {M>t * stjl) Tliix may ioiihimI 
merely of n lioilinff \eK8el, \iith a retort luHid and a worm (‘ondenwT 
Or the h<*Hd may l>e attaehed to one or inori- fnietioimtiiig vcNholH 
aimilar to Woulfe'a Imttlea, through whieh the aleoholie va|M)urH 
paw liofore reaching the ctuidenHer Or, again, the Rin)]>le retort 
head may be replaced by a rectifying atiU-heud, f'fiimiriting of a 
scriea of water-jaekeled t^eHNela arrang<‘<l one abo\c the other, the 
▼apour riaing through each of theai* anc'ceabively. 

Uaually tho pot aUll is heated by the din'Ct flame of a furnace, 
though steam is now frefpientiy uscfl an the heating agent The 
•team is applied either as g “ jaeket" outside the still, or by means 
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of ooib inside the vessel When a furnace is employed, a stitiing 
apparatus is often fitted into the still to remove the sediment of 
vejjctable matter which is prone to settle on the bottom, and which, 
if nt)t displarml. is decomposed by the heat and cominunieates an 
empyreumalic flavour to the spirit. 

With a pot still, the spirit produced by the first distillation is 
always very impure, and iias a disagreeable odour and taste It is 
railed " low wines.” On n-distillation of the low wines, the first 
jxirtiiiii of the distillate (“ foreshots ’’) is eonlaminateii with oily 
matters, iiieliidiiig apparently esters of fatty acids de]HiHiti<d in the 



Fill Its sT]:vM-iii,\TKii rin'.sTii.L, witu KreriiiiNu iii.vii (I'iiiK'b}, 
K«c(irylii(;*bAtb4(irulrim f'kjiimln Co., (.til,, iirrli)) 


condenser towards the end of the previous distillation and now re- 
dissolved by the strong spirit As the distillation pniieeds the 
pro]iortioii of oily inatU-rs diiiiinishcs until the distillate no longer 
iM'comes turbid on dilution with water, when the spirit is con¬ 
sidered siiflieiently purr to be collected as potable alcohol. Towards 
the elate of the process the spirit again becomes oily (” tailings ”). 
Tlie impure portions of the distillate obtained in this second distilla¬ 
tion are termed “ feints ” ; they arc redistilled with the succeeding 
low wines ” to recover the alcohol from them. It is usual to 
have separate atills for the two distillations, one for the “ wash ” 
only (“ wash still ") and a snullcr one for tlie low wines (*' low wines 
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still ’’); thniigh occasioiuilly nno still scrv-rs fur liolh oprrutions 
The low vrinos still is generally nf ahout one-halt the ca]uieity of 
the wash still; the latter is nf any size up to 10,IKK) gallons, or 
even more, occasionally 20,000 Not infrcquimtly, a seeoiul low 
wines still (“ spirit still ”) is used to obtain the final product from 
the low wines, or for the re-distillation of the strong feints 

The n-sidiie from the distillation of the wash is termed '‘jiot 
ale " ; that from the low uuies is called “ sihsiI lees ” Hiitli am 
run to waste, as a rule, though the put ate is sonietiineH uva|iorated 
and the pnsluet used as a fcrtdiscr. 

Ill the following table* are shown tho nppmxiiiiiili- boiling points 
of wash or feints containing vanoiis ]mi|iortioiis ol* iilenhni, and 
also the peo'cntagc of alcohol in the distillate, as olitaiinsl from a 
Min|ile still — 


W'lisli nr 


Dibhllnli* 

\Vh*«]| ni 

ft'ITlIb 

1 ))hl ilintt*. 

IN iiiiM'm- 

Alfoliul, 

Alonlml, 

'I't'iiilii'ra- 

All ftluil. 

Ml oliitl, 

lun* 

IKT cent. 

]N>r C4‘Ilt 

hin* 

|H‘l 

])■ r (f'lii 

HV 

no 

Hn 

Ol** 

7 

no 


40 

K2 

on 

n 

4i 

h6 

90 

7ft 

m 

:i 

9U 

HH 

20 

“I 

‘ 07 

2 

2K 

•M) ft 

in 

Oil 

1KI 

1 

Isl 


10 

nn 

](K) 

0 

0 

.\s an i-xaiiiplo of the 

elfeet of siieecsHUe di 

s| illations 

111 a Niin]>l(' 


still upon the pro|iortion of alcohol in the di.stillale, the following 
.-cries lit expeniiients may la- ipioteil * 

\ ferineiiL'd wash eontiiining, by weight, II 3 per eciit of alcohol, 
was distilled until practically fn-o from spirit Xlie distdliito was 
then tn-atuil in the same way, tho oiK-ration being rejioalisl live 
times: - 


LU|U|l| (iHllllftl 

.McoImiI, 

|N‘r naif 

by Ml i|{lii 

\Vh>iU 

.. 119 

Ist (iMtlllllh* 

.. 92 9 

'.NkI .9 

. .7911 

9r«l 

70 3 

•Ith ss 

7K n 

.nth 

H9 0 


Simpln pot stdis are also used to sumo eonsidciuble extent for 
the distillation of wine ui the making of brandy tjftcn, however, 
a rectifying still of more elTcctivc ty)» is employed, which at llie 
same time is not elfccti)’C enough to give a “ neutral " spirit by 
removing all the eharacleristic esters, higher alcohols, and alde¬ 
hydes The use of a high still-head, or the insertion of a perforated 

> Gronmg (adapted tiom). Maercker-Delbruck, " Handbuch iter Spintua- 
fabrikation,” 1908, p. 771. 

* MseRl^Delbrtkik, loe. cii. 
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pftttu in the upiMT (Kirt iif ihr hUU, trmln to iiKiroami the rcrtifyini 
ofloKt anil to <!ivi‘ IV purer duilillalc Willi the sitiipler foriiiB ol 



Kill. • C’liri'M's P\TK^T COMTIMOtlh*V\OHKINa STKW-sllLfi 
(UUir.t .iniiiMI mkIMcIiTVI, Utl (Uamcim} Kviffbir 

atill. two (liHtillatumH are mvewary, iw described above for ontinaiy 
alcohol, but ^'rontinnous*’ atiUti arc alao in use, giving potable 
spirit from wine by a single distillation. 
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Fat6&t stills. "Hv far tlio ofordiniirv .'ilcoliol, 

boH^^vtT, 18 (liMillisI in a|)|).ini0i8 \tliirli |>r(H]iin‘8 

A pun* “ ailorit" or ’* iiftilral " sjiiiit of from IM lo IW por 

txiit alrcii^li 111 Olio ooiihmiouK o|H‘t.itioii Tho ‘MVilfoy" or 
|kUoii( " still. uhi(>li IS lari;ol\ \ims1 in ()ii». couiitr^. iiiiiy 1 m> tiikoii 
88 oiaiiiplo , tlloll^ll ollior stills iisfil al>irm<| aiul ililTonn^ in dotiiil 
oliiim to ho of at hiist oqual ospoiiall;i for <JtnIiii^ uilh 

tliiok uashos . 

In tills Htill (ho alooliol is o\tN‘tloil hi hlouiiit; kIimih IhnaiKli (ho 
wash, \iliiih is sproad in laioiH o\oi a innsidnahlo siirfaoo Tho 
ua^h (iitors u( (ho top nf (ho s(il), and pasM's ilowiiii.inlH ovor ii 
MT 108 ot |N’iioia(<d diaphraLOiis of 4op|M‘r plato, trioklin^ oior 
small oninos whii'h sorvo as so maii\ (raps ulioio (ho licpiid ik 
mot h\ (ho ijpriMiif; sham Tho laltrr, hiihhlin^' (IiioukIi (ho 
|N‘riora(iotis, ho.ils (ho uash, ami oairios off th<> ahohol va|n>Hr, 
HO (hat h\ (ho timo (In* wash ir.idios (ho |o\\os( plato it has las'ii 
dojiriiisl of all its aloohol and p.isM's out \iitli its dissolvtsl and 
KUs|H‘ndod solids, whilst llio aloohol. stoani. and volatilo itnpurilioN 
|sis8 (o tho top of tho appatatus Tho hi^fhor tin so \a|Maiis ^ot, 
(ho nohiT (hoy Is'ooino in aloohol, (Imr hoiliii}! point Ix'ComoB 
louoi , and nioro and iiinrt* of tho sloain is oomlonstsl Tho part 
of tho still III nhioli this ofMTation (ako'< plaoo is torimsi tho 
** atmUsor " 

Tho osi.ipiim lapoiirs an* non hsl into tho lutffom of a Hiinihir 
lohimii of |8‘itotalod pluti's (oiinrd tho * iiolilior" From lop 
to hottoni of tins coliiinii tlioio |ms^oh a /io*/aj<: (iiIk' full of oold 
liipiid to servo as a oondi'tisiT To ocoiioiimm' heat (his Injiml ia, 
111 faot. (ho oold wash on its wav to tlio aiialiMT 'Hio aloohoho 
vapours (lassiii^ iijiwards fhioii[;h (ho plates into one (imiI oliaiiilHT 
Aftor ariothor lassinio ooohsi, and do|Hwi( iiioio and more of (lioir 
w.i(or na thi\v near tin top. Iiiially toiidoMKiii^ as strong ahsihol on 
Wn iiiiporforatod oop|HT s|HM‘t (tho '*8piiit plato"), and jati^ing 
out Tho stnmffth of tho spirit thus ooiititnioiisly ohtaiinsi m 
about 04 tf» !Hi |ht (smt. hy voluiiio, whoroas Hilli a Hiiiipto bldl tho 
HtnnigoHt aloohol ohtaiiiahlo, ovon hy rujxatiHl dwtillalioiiH, m 
only about IK) to 02 ]ht <siit., iiinl at Huh ntn'iiglh la pnxlmssl only 
in Hnial! qiiantitioa fnitii ouch o|HTutio]i 
A mixture of weak^ iiiipun* ai<<iJiol and oiIm (*' hiit fointa ") 
oolloota in the lK)tt<«m of tho ” ns-tiilcr " ; iIiih is )>uiii]hh1 iiiIo the 
anahwr ’’ again to jissivit tho ahsihol lhi( towanla Uio end of 
A diAtillmg pmc'CHH, inatoad of outniiliding (ho (iiirilioatKin of all 
tho aloohol, it la found mure oisinoinieal to ruiso the iein]M’ratore 
of the apiioralua and dutU off the whole nuduc of impure Bpirit: 



catf 



uial)««r. K, mtifln. s, pprforatM c«»p|tfr tliaphraeiiu m> pumr* fxr* tng th^>U 0 tl siff-caii (iihe h to 
top of A fi, pifte tutting «pirit*^ apour to hotNjiii o| rr< 
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FlO 2<i- IHM HIR COM HS r(».TIM (M S '•TMI 
J,huiinlylMik. i/,IkiHorrciiiildtiir. V ivrbfMUer. 7#,tk)liUigMjltiiuii. /J.rMtlfiingioIumn, 
f. ret rirvmg roluiun rertillre , «. rw tifying mlnmii ftJiHlfnrer, //, re* Ulylng ortuinn «wiw. 
JT, regiiUtiir: L, olh'tbolliNt iMik. Jf,run-(ifl fa*trr (Mair.CtoitjUII, «nd llU^ai>, 
Ltd.. GlMgriw; 

^ Here the fusel oil which has accumulated during the finiccaH separates 
to a laige extent from the weak spirit and is skimmed oS, the 
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roinuininK “ fi'int* ” iH-itiK mlutniccl witli tlio nosh of llir iiucrccding^ 
o|icriitiiiii Ui ri'iiivi-r the vthvl ali'ohol from tlirin. 

Tlio " Cnltcy " blill WOH (latcnUil in 1832 VariiiUH otiicr “ cun- 
tinuoiiH ” alriiliol alilla an; rmpliiycd, mpcrially on tlio (‘ontinvnt 
and ill Aiiii'rii'a: their itmailial prinei|ilu la aimilar to that of 
(Villey'a n|i|airiitua Jiarliet’a atilla have a cimaideiiihlu reputation 
111 h'niiiiai and abroad, aa havo aiao thoao of Meaara. Kgrut and 
firungi' . tiiiilhkuiiie’a ayateiii inriudea a ainping, inatead of vertical, 
diatdling eolninn, tio olivialo rialt of olmtruction aheii thick waahes 
aio la’iiig diatillial t)I the otlien, it nill aiiflin‘ to mention tlio 
figea “ aiilomatiii ” atlll, aliich ia anid to yield n pure a|iirit of 
till to iNi|a>r*eciit. atmigtli, and to rciaiver ail the fusel oil and 
low uinea*at alrenglha of Sll and 97 jier la'iit n'spcctively 
Tile alcohol of higli strength diatllhal in apparatus of tlii- t'ofley 
or alliisl ty|a-a la a nearly pure pnaliiet, and is knouii as “ siieiit," 

“ neutral," or " (lalent-still " spirit faiige cpianlitiesaie einpliMcd 
witlioiit further puntieatioii, as, for iiiataiiis>, in ni.iking acetic 
acid, evplosiies, and varnishes; in the prialiietion of nietliylatisl 
spirit nr othiT forma of industrial alcohol, in estnii ting drugs, 
pn'iinring spintuoiia niedicines, and so on 
Rectification. When, liowever. s|s'(ial puiily is reqiimsl, 
or when the alcohol ohtained la of cnidcr character, it is further 
piiririisl by s|a'cinl iis'liliratioii This is usually iici oniplishiHl by 
diluting the spirit with water to n stieiigth of nlioiit 4,'i ,'ili la-r cent, 
and riMlistilling it Various kinds of stills are used for the purjsnc 
iSonie lire " interinilleni " stills which fnictionnlc the distill.itc, the 
impurities la'iiig eliininaled in the lirst and Inst niniiings; olhera 
are " continiioiis nulioii ” ns'lifiiiig stills I’lirilicntiim liy treat- 
men with wiskI elmnsuil is ,dso cniployisl, the ulisihol, suitably 
dilutisi. being |uisstsl tliniiigli a battery of rylindneul Klteis eon- 
taming the chansHtl. 11ie puiifiing elTis't is iniiinly a elicniical 
one, line to o.\id,ition Acconinig to circnnisl.inces, (he tittration 
tliioiigh eharcisii may either pnssslo or follow a lectitication by 
diatillatiun. 


V.-s-t'ONVEKSitlN Olf CEbbUUtSK; SUIkSTANfl'Ji INTO 
AUXlllDL 

Alcohol from wood.- -In obtaining alcohol from aawduat 
or other waate-wiaal material, the ao-ealled “ erllnloao ” of the wood 
is hydrolysed by treatment with oeida under pressure By this 
means it is in part converted into dextrose and other fermentaUa 
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liugarH. The acitl U tluii m‘utrnlis(>(1, ir lUNirly m, with Imu* or 
alkali, ami the n'MiltiiiK liqmil ih ferin(‘nti‘4l mill ilmtilliil 
There is m»iio doiiht as tii uliat is the ii'llulosc*" aetuiili) 
h^'dndVHHl The eetluli)M» ef roCon iIim's not n^|MHul to (he 
tniitineiit AIm» the innli'rial lef. by Fa\\(ill^t uliu'li lius hei'ii 
onn* trcatiMl still eontmiis (vlhilose, but a re|N*(ition ol the jiroet'sb 



Fit. ^7- lllf-MII lOLIM^ AI’J*AII\TIS J'OR Kl>eilll( \1*ON or AI^OIIOI 

l-Mrnirrly mudi loi**! itljiuiwi <|,lHilliiii:>i<«>il,)u'aii Il>y 04 >ajii, M.mliflcr, 
it n'iil|i(‘r.iu>r 


yields very littli* mine fermeiitiiMe sii^ar. The |sirlioii ahieh is 
transfonmsl is soinetiiiiiM dlH(l 1 l}’ui^||lHl us the isihily-attaekcsl’* 
colluloHO ll pnibablj' eonsisU uf {xdyMiieeharides of ]HmtoseN and 
hexoBc^. 

Arenrdlng to WillsULlter and Zcehineister.^ cs'lltilose eon lx* 
completely eonverttsi into dextromf at the onbnary lejn]N*nitiin* 
by treatment with a strong solution of hydroehloiic aeui (40 tu 
> 1913, 49,2K)1. 
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• 41 per cent nt HCI), which diiwulvcii it in a few ac'conds, and gives 
lumplvtn hydnil^sH ill twentj-foiir to forty-eight hours. Their 



Ki«: 28' -Miiiti.iif MTii>r, »oh tosiiM'iM • iihi'nilOArniN. 

M. iwk lur crudki a[rilril. t, Ihu k (i*r w«tw JB, h, iiurU^loit anil i\)iupntMtli 4 t raliimna ftN* 
fotesluto; (\rKUt>lug oulntiia, IK II, flnitl |nin(>»itf mlumnn, J, h, h, cMiiicuaen, 
J\K,L, O.jritkpniori {fcKrot uid Uraac^, Pnrii) 


Htatement, howeTcr, appear?* to be rrroueous ^ Tn any case, 
' 31. CuoAingtiam, Vhm. Ifoe., 1918,113, 173. 
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their obsorration duri* not wem In hnve lieeii utilierd , 

iniiualTMlly. 

A» far bark aa 1810, ItiiiioiKil slinnrcl that nlirn vwal viiair 
woH hratril with siilphiuir arid a pnxiurt na« nbliiinn] which 
contained sugar SiiiiniiM>n, howcirr, miiiir eighty >rnrs Inter, 
appraro to have been the first to attempt the manufaetnie of sugar 
from sawdust on any large scale ' He usial diluted sulphuric or 
hydrochloric acid, at a stn-ngth of 0 3 to 0 7 per cent., and heated 
the iiiixtiiie of sawdust and aeid under a ]in'ssiirc of 7 to 8 at mo 
spheres Kkstrom attcinptial to solve the same ]iriilileiii by using 
stning sulphuric acid ‘ 

(llaSM'ii, 111 IfKII), showed that iiipieoiis siilphliroiis aeid eoiiierled 
wihhI eelliiloses into dextrose when the iiiixiuru was hi'aled under 
prcssiiie to a tem|»Tnture of I2lt-lt(l“ Thero is an advantage 
in using a volalile aeid. siieli as siilphuions or li.rdnshlorie, instixid 
of siilphurie, inasmuch as a bettei jienclration ol the wood is 
obtained 

Alter lalsiiatorj’ ex|aaiments at Aaeheii. the niethwl was tiiixl 
III an experimental ])hiiit near Cliieago, and afleivanls an installa¬ 
tion on a eoiiimereial miln was cnated at Hattiesburg, Missuiiii 

II.iisisled of an ap]mialna for ]iie|ttiring the sulphur dioxide, 

a lonvertcr in which Hie wissl was treatixl with the and; an 
exiraetion batteiy, neiitrahsatioii vats; feinienliition vessels, 
and distillation ajiiiaratiis 'Hie suwdusi was tiratid in Hie 
|■(||lverler with a saturated aipieoiis solution of siiiiiliur dioxide, 
tho leiii|a‘ratun‘ being graduall> raimsl to 143-14!)° and the action 
allowed to proceed diirmg from four to six honra. Then tho sulphur 
dioxide was blown off by slcam and collected for rc-iisc, the woisly 
lesidiir treated with water in tho extraction-vcssela to n-nioxe 
the sugar, and the solution thus obtained neutraliM'd, feniienbsl, 
and distilhsl. One liiindnsl kilos of sawdust gave fiom 7} to 
8| litres of alcohol. 

As thus worked, the proeesa fell just short of siicn-ss Tlic 
reasons given for the failun* were: (1) Tarngth of time rcquinsl 
for tho conversion (four to six hours for two tons); (2) production 
of gummy matters and camnioUiiation due to the pmlongcil action; 
(3) the large quantity of acid miuircd ; and (4) dif&cultirs due to 
tho action of tho acid on tho lead lining of tho convertor— a cylinder 
30 ft. long, and 3 ft \n diameter. 

Two chemical engineers, Messrs Kwen and Tomlimsm, improvixl 
the process by using a much shorter and widra converter (12 ft by 

• W. I>. (VlliiNX J .Sor. Chm Ind, 11112, 11. SI3. 

• U. K.-P., 1113112. 
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, )) ft.), anil lining it H’ith rimliricK inatoad of with Irad ‘ Suljiliur 
dioxiilu gas tn thu cxtrnt of 1 |ier mit. of (ho weight of wnnl treated 
IS inlMsiuissI inlo Ihn isimerter, and steam passed in until a pressure 
of UK) III is obtained .Tlie steam is then turned off and the 
cylindrieui isnuerter slimly n-voUed for forly-forty-livo minutes, 
thu teni|KTaliin‘ and pressure Ixsrig kept eimstnnt. the total lime 
nspiinsl for eoiiversiim is about an hour The temperature is 
riusisl as <|iuekly as [siHsible to the '* eritieal ” ]Kiint, between 
UI3'' niiir Ktit", aboie nliieli thiTe is an exis'ssivo deslriiilion of 
sugars and pnaliietion of iiiiferinentuble siibstiiiiis's. 

Wlieii the extnietlon is eoiiipleleil, the solution obtaimsl has n 
total neidity obUlil |K'r eent (eiileiilated ns II 3 KO 1 ), and eontnins 
about .'■) |S'r is-nt of reduenig sugars, with small amounts of ]ilienols, 
tnimiiis, and furfural It is neutralised, ferinentisl, and distilliHl 
os usual, and gives nlsiut 3KI gallons (U>S.) of aleoliol )st ton of 
dry wishI, or Is'tais-ii 7fi and Kll |a'r eent, of tbe tlusin-tieiil yield ‘ 

Mon' n'ls'iit |mrlieulnrs have been given by (I Jl I'linilinson ’ 
'llie digesters or isiiivertei's now employed are stiinilnnl 14 ft 
globular niliitory bleiielimg boilers, pniteetisl on the inside with 
an aeid-pnsif tile lining This type nllous oi lasy lllling and 
emptying Seiuiiation of the sugar from the uissly residue is 
elleehsi m n stiindani bis't-sugar diffusion Isittery jiniviiled with a 
siniihiT lining to Unit of the digester Knini Ml to UK) tons of 
material (xt day eaii be Insited in tins iipixiiatns I’er ton of dry 
nissl, the inaxniiiiin yield is tt,> gallons of nieoliol (il.'i jx-r eent), 
Init on a liirgu M'lile thu iietiial average yields have hnnily exiis'ded 
half of this iinioiint 

Ais'oninig to It von Demiitli,' dilute sniphnrie iieid has replaeed 
sulphur diovide iis hydnilysing iigeiil in Mime of thu Aiiieriean 
faetories To oliviute ilestruetion ot the sugnn formed, the priu'ess 
IS lureleratisl os nmeh as pussible Tlic steaming lasts only lung 
eiiinigli to byilrolyse a (vrtnm proportion of eellulose and preduisi 
u eondition of eipiilibriuni (lictuis'ii sugar ilestniyed and sugar 
pnxlueed); this takes alxiiit iin hour. Tlio hydnilysed aixxl is 
tiicn extraeted ui a'diffusion battery, pressed, dried, and usixl as 
fuel. 

Thu extroet, after being nearly neutralisi'd with lime, is fermented 
uith yeast that bus bis'n eiiltivabxl in a rye and malt mash ; cooked 
malt combings are usixl na yeast nutriment. * Alxiut 7 3 to il 6 litres 
of oleohul (lUU |ier cent) are obtained )H'r UK) kilos of dry wood; 
this oorresiKinds with Hi to 31 im|wrial gallons per ton. In additiim, 

■ U.H. r. tnssos nt Itsig • .t. Ilirseh, J. Ind. Kiif. Vktm.. 1913. 4. 479. 

‘ Vhtm. rr. 4,1910, n 101. • iulKk. aiinac. Cktm., 1*13,26,780, 



HR raOBDorioH o^t^noh K 

a amall quantity of (nrpcntim' oiK.ibont H p(»r ^nt. w rcoovcred 
aa a by-produrt Oiil) triuMH of fund oil and nn‘ prt<niit in 
the ttk'ohol prodticnl 

According to K lla^K^md.’ only very dilute acid ia likely to l>o 
oommeit'ially aiicccMifnl for the liydn>l}8iH of wchhI in the making 
of alcolkol. J^luto Rulphurio acid of strength b2.'> to 1 per cent 
can In* employed, and the Ik'hI tciii|NTntiirf* is 175'' The pnqNir- 
tion of hinnI to n<*id may bo ah high ah 1 to li rndcr thi>t* con 
ditionH the yield of aI<‘ohol was found to hi: fnun 75 (o H5titri*s |N*r 

ton of niHHl ([I].. lir) The un* of sulphurous ai id or culciuiti 

bisiilphiti* liccieiiM'd the yield to alMtiii hi lilies and tUI litri'H jM*r 
ton res|M'ctively t'oiii|Nirisoii ex(N*ninentM earned ^nit with niiieh 
stniiiger siilphiiiie aeid (711 ]nt mil) iiiduaU'i) that under the 
most fa\oiiriible conditioiH «ih much ah 15K litn‘N of ateohol {ht 
ton could he ohtained, hut the gn*ater eoai of (hi* aeid mon* (him 
olfset the iiiereasiHl yield of ateohol 

Some lengthy and careful invcstigntioiiH have also Ik'I'H carricHl 
out by I*’ W KicsHinim" 1 IccuncludcH that for counnereial working 
the inoHt KiilisfiU'tor) cniulitionH for the digi'Htioii of (lie woikI an* 
rn‘isiue. 7{ atmmplicres, duration of (he digestion, tHeiil,\ 
iiimiites from the tunc the working pri'ssun* ih attiiiiiisl, ratio of 
waler to dry uimkI, 125 to ItHi, ratio of arid to dr\ wihkI, 2J to ItMI. 
I'luler theM* eonditionH, white spline yielded 22d |N*r eeiit. of 
tot.il sugars, ealenlalcd on the drji wood, iind 71 4 {mt iviit of the 
'^iigiir wuM ri'rnieiitable The }ield of aliohol waa H51 [N*r eeiit of 
the weight of dr) wikmI laireh waa round to )it‘l4l inneli galaeioM*, 
wliK'li is not fermentable uilb ordiniirv )e»s(, 

Kc\ U'wingtbe pn*M>tit [Huatioii <«f iIiin indiiHtr), TomImHon n^unla 
it an oiU‘ of relative atagiiation, due jiarlly to the faet (hat o^htb* 
tioiis have btsoi Klnrtisl pn‘iiiu(iin*l), with lilthi reganl to the 
coniniereuii eoiiditiona involved^ The fact, however, that Hcveral 
million gallons of alcohol have actually been produissl fnim wihhI 
wuHte, and that at least two plaiiU have lM'<*n operating more or 
IcHa cuntiiiiiously over a (htIinI of )eani» jiibtilies (he )H*lief that 
ultimato auceeas ia assureii 

It wiw originally aHHiimed that almost every sawmill repnwntcfl 
a jHwsibla location for the establMhment id an aJcohol jilant. Then; 
weru targe DUmbera of sawmills at winch (he diM[iOHal of the w'oinI- 
waste was a prohicnfitand even an element of expense, fleiieo 
it was assumed that this waste uoubl be jHirc'liascd at a pundy 
nominal figure, and so on almost endless chain (d olcohol-jiruducing 

* J. pr C%T» , 1915, 91, t J. Jnd. lS»g. Chetn., 1915, 7, U:!U. 

• C'Acm. and JUtUtU. , 1919.19, 552. 
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plant)) mi({ht hi- <>))t!il)lifilic)l Tt was soon touml. Iiowpvpr, that 
wliilo than' wits no iiiic^tion rif!iinlia)! Ilio iiumlicr of sawmills nr 
till' i|uiiiilil} of uasti' wihhI proiliiml, m'Vorlhi'li'HS flioro wen' very 
fuw mills at hIiii'Ii the eonilitioiis wen- altnjp'thrr favourable for 
soltiii)! up 111 )' evli'iisive iilant which the inunufartiiru of alcohol 
rerpiin'S The " life ” ot the luiiilierinf' oiK'rations iiiav ls‘ uncertain, 
the water siip|ily ilelicieiil, labour or trniis|H>rlntioii liieihtics un- 
Fatourable. ami mi <iii Monsirer, the lunilieniian who has a 
siiituhh* “ liH-atioii ” soon recognises his adrantago and cruets his 
price The alcohol maker must pay it, for the plant when once 
establisheil has no other source of supply Kandiist and other waste 
wiKiil is bulky anil dillieult to handle and transport; so that, in 
practice,iit must lie treatisl at the place where it is jinulucisl 

For these various reasons, the authority quoli^ considers that 
if the industry is to lie greatly extcndisl, a iiiodilieation of )iin- 
eislnru will be nicessary. In general, the s.iwniills should produce 
the sugar solution from the waste uoisl, hut shuuhl not feriiicnt and 
distil It They shnulil evaixiratc it to a synip or inolas's's, which 
could then be Lsinveyed to siiitiihle distilleries working on a laige 
scale, where it would Is' ferinentol and distilled under the most 
favonrahle conditions 

This would mean that only a molasses plant would mssi to be 
instalksl at the sawimll, instead of the complete dislillery outfit 
Smaller units could Ik' workisl n'oiioimcally, less skilled kilsiiir 
would he mtuinsl, and the ]iliint would Iw Inc fioni ie\emie 
regulations. Further, if tho molasses jiioduct is sold to those 
aln'wdy engaged in the distilling uidiislry, iiiiiiiy market and other 
Irailn dillirultirs are lemmed Complete installations for the pro¬ 
duction of ahsihol would, of eonrse, .still Is* erected in hcalities 
whero the ismditions were 8|iccially suitable 

Natiimlly, the ini|iurtant factor in the derclopuiciit of tho 
industry, ns thus outlined, would he the cost of tho syrup obtained, 
as comiiansl with that of rane-sngnr molasses The following 
partienbtrs of actual working costs are given 

Working for twenty-two days in 1913, at tlireo-fourtha of tbs 
full rapacity, the Fullerton plant, previously mentioned, dealt 
with 6136 tons of green waste wixsl riuitaining 48 per cent, of 
moisture, and yielded 1,688,600 gallons (U.S) of sugar solution at 
about 10 3 [ler cent strength. The total host was 31 8 rents per 
100 gallons. The molasses obtained by eoncentratmg 100 gallons 
of tho sugar solution down to 12| gallons cost about 3 cents per 
gallon, including cost of evaporation This is much lower than the 
coat of cane molusacs. But whereas one gallon of the wood molasses 
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mrMit only aiwut 0 30 gallon of proof A|Mri( (US prtHif), cano 
\iihl> iilKiiit out* gallon ProjMT i‘lM*init‘Hl ooiitiol hon 
> 0 var, might r<>sult in obtiiiniiig a pnaliitf ttpinl to iiiolutthoH 
IH tbua nithin reach an uiiliniiitti aiipjily t»f niNMl 

imoIaaKis uhich the ilihtillor can n*atlily ct>n>rrl into nit'ohol, uilh 
little or no iiiothritaiion in the orrliiiarv tliMilh^r} t‘t|uipnu'nt 
111 W V (\>ht»(‘V prtH'CNt, the <*on\t‘rHioii ix tloin* in Ivui Mag«‘H, 
Firat, Htcaiii I't iimh! aloni*, tliit phnIiucs mmih* acetic acid. uhi<*li 
in colh'cttsl Then a iiiivtiire of htts'iiii anti gastKiiis liyditNhlorie 
acid IS inlnHiiitetl to complete the coint^rKion * 

(inxiigiic and tie Jh-niiith ha\t* tleseiihiHi Iht* folltniing prricetiurc '' 
IVat, or smdiist, or other woikI niiste, is ^ateha^lit(l liv hi'iiting 
iimlei iiretsiire nitli a mint ral <ititl. The jinahitd is then s;iVtfmati' 
caliy e\(ra<‘teil nith hot naler. tir uith \iiinssi' liquor from lNa*t- 
Migar nianiii.ietiire, in a hatters of extraition-sesheN, aa in the 
tAtr.ieting of sugar fiom larts The solution thus t>Iitaimtl ia 
neiilralisetJ Milh ainintuna ttr alkali hstiroMile, and ftiinenttil 
To iiiipiose the ft>rmciitatu>n ve.ist is usetl which has litsii s|Nfiall\ 
nctliiiiiititeil III Iitpiors from '‘elliilosi* niatt'iiala tsiritaiiiiiig tAiiniiiH , 
and s’eant iiiitriiiieiil istuliKsI in the foitii of sat'chaniiaUe Hulwtaneea 
rel>ili\i'l) ixh 111 iiitrtigtii and phosjihoiija Tlit'sc Hiihstaiiet*’* may 
cither In* iiiilmleil with tht* charge in the uiitiK'lase, or HaeeliatiM 
<t(*|siralelv and adthsi to the hipifir aftiT the evtnictloii ih i‘rimpJt*tctl 
Mention iims Ih* matte hi'ie of l.esogliieos.iri, ohlaim*i| hy J*ie1e1 
Aiet Sarusiii on tli*tlilling tt'lhilt>se or start Ji iiiiilt*r retiiiei'tl pH'sHim* 
Thi*t piiNlui t Is h>drt)l,\sed hv tlilule sulphiiiit aeitl togliieose, uliieli 
fsailtl Im* list'll a** a aoiiret* of altohol * Ah the hesogliieosaii loniti 
Ik* ohtaineil in f|unnlit}, the authoiri suggt>i>t ihdt it may prose 
to In* utilisahle for tht* iiiduatnal pnaliii'lion of uleoliol 


Alcohol from sulphite-waste liquor. - WnHic 

sulpliitr liquor ii a 1)}-imHluct of (hr woihI |>iiI|i iniliiMiy, anil 
very luTjic (juaiititii'i are aiailakli- in iho ('onnlncx ulicre Huh 
I ndiihtry la rarniHl on For cv'iTy ton of rclIuKiHc ahoiit 1(1 tons of 
tlir liquor an- jnvHliii'isI Among llic Hiilwtauti's jinwnl in it are 
(Ictlroso and otlit-r aiigani, xjIohp , acolic, siilphuroiiH, and Unnic 
aridH; mrthyl alcohol; and nilrogenoua and rremmiH IhhIick, 
together with cidciuin lignin-siil|ilionutc, the chief hy-priHhict ol 
the reaettun involved m^the pniduelion of the pulji. 

The amount of fvrmcnlaMc sugars in the liquor vanes rather 
eonaidcrably, but- is usually Iwtweeii I 5 and 2 |K-r rent. An 
analj-sia hy Klason gave dextrose i 6a, mannose U u3, and galactose 

^ ■ Vhim anil MrML Eut, lUtH, 16, SS.i. • C.K I' »S.')73.i nii.| 6H.*>T2li 
' r.P. 477077, 1914.' • Uitv. fllum. Aeta, 1018, L M7. 


'‘(■fV 



AliCOIlOL 


CPAP. 


H 

0 27 |K*r cent Of f hii};urs, gabioluMp/4TmentB more hhmly than 
tho others, uiid thi* liiL'hest ^moIiJh oi uK'ohol (thtaiiuil, namely, 
1 1 per cent ol the \oliiNie ol the li(|Uor, eoirc‘H|j<»ii(]8 ujijiinxiiiiately 
willi the (lextn>se aiul iiiuiiiiove euiileiit. 

VarioiiH |)i(K‘ev<ie.> uie in um* lor utiliMiij! tlie uutito liquor as a 
^oun*!' of uh'ohol ( Miljtliile Hjiint “), liut all ai<‘ based ujion tbo 
))riiieij)le 'riie fne siil|ihiiniiKS aeid. uhieli la strongly loxie 
to \e.ist, ih]mr(l,\ lemovt'd b\ e\apora1ioii niul |>ar(];k h\ iKiitralisa' 
ti(»n to a poiiiL of acidity favourable* for ferment at ion 'Die hot 
Inpior IS neiitraliM'd in liir}{c vats, then eonl«>d m toners, and aerated. 
A >ea>t niitiuneni, siieli as malt exliact, or dead vc'Ust, is .iddcsl to 
the cooled, iM'iili<ilisc‘d Ihjiioi, uliicli is tlic‘ii fesmented Alter 
the ii iiiienliitHMi is tinished, uliich takes thiec* d.l^s i»r mote, the 
\easl IS Heparalc'd and the llcjiiid distilled in a eontinnoiis-aclion 
still The aleoliol obtained !•« aliead^N ]>aill\ deii.iliiied. since* it 
usiialK lonlaiiis a little inetinl alcs'hol deiivisl tiom the oiioinal 
licpior, with Home aldehulis ,ind tiiitmal, ami soiiH'iimes 
acetone* 

KkstroniH piocess' has been in o|Hia1ion foi sevei.il v<‘uis at 
Skiilskai (iSwedeii), and that ot Wallin at Koiss, uliiUt otlii'i.s 
employed indiisliialK aie Landmaiks and Man hands The 
dlileii'iiee in the* \atioU'> pioeesMs lies mainU in the metlicHl of 
neiitialisalion It is n<>( advisalcle to niiilialist* uilh lime ;diim‘, 
as n large exec'ss is nspiiied. eaiising ilc*stimtion ot some of the 
sugar 111 the Swedish planis vliieh aie opeiatinu under Kkstmm's 
and Wallin\s patents, the lusitialisition is paiiK elbs'le l with lime, 
and then iitushed with cahiiim isiihonale In Lindniaik's process, 
eak'iuiii earhoiiiite onK is eiiiploved, and in Alaiehaiid's bainiin 
earlioiiate I'ht* wash* Inpior do<*s not contain sullieient nitrogen ' 
and phosphate for normal lc*iiiientatioii. and thc'sc* must he Mipplnsl 
HI a Huitublu form, with the ^c‘ust (‘xliuet or otherwise In 
Kk.stroiirH m(*tluMl, a jieast speeialU aulinmlisrsl to sulphite 
h(|Uor iH used In Liindinaik’s proec'ss, milk or whey ih Ik'dIcsI with 
acid, the piecipitale seiiaiahsl, and the lupiul portion nilHed to 
the bulpliile liquor, which imii then he fernieiitc'd directly with 
ordinary bn’wen’ jeaat 'I'he east of the milk is said to be* covered 
by the ligtiocuHviu ” obtained, which can ho uiasl lor mzing paper ^ 
A V. Jernberg^ udda to the liquor a iieutmlibing agent and a 
sullieieiit quantity of culnuni cyanainule, jireeiously treated with 
wat<*r or stciiiii, to supply the dclieiency in nitnrgcn. 

I'he yield of aleolml is about I cent, of the waate liquor, on 

* H.r,,G7I1, lUlO. * lljiiiiie Jcihnseii.t/.^Sur 1918,37,131T. 

■ U.3. P. 1321058, 1017. 
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an Avenij^c. tlKuicIi nilluT f;n'til*'r mi'M.s ai<- ilaiiiM'd for noido of 
tile iiielhiMiH 

VI SWrHKTIC AM’OIIOL FIU»XI Al'im I.KM-: \N0 
I'ALCirM VAUniDK 

In til" inlriHliot(»i\ tlHpUt il mil (hat lli'niio!l 

ii'i loMt; auo .ii hatl ilinti'd a of alioliot from 

Hlulmio Tlii> Wii" (li'>^ol\nl in Mil|t)iiiiir .iiiil, loriiniip rllui 
liMlroifi n siilphdh ftom wliicli iilctiliol m«i'> olilainol hx 
tile .0 id solution aial distdlin:; it 

Tills nil Omd nl tihlainiiii! ali olml lias |l•||Min('d a piiiHx lalmiatoi v 
o|Nialinii liti till iTfiatir pait nl a unliiix Indu'd jii'Vliad of 
itiixliiii' liriii'i ii'^mI as a sniiin nj aliohol. tin* lallii siilislaiuo Inm 
lii‘in’llii* ni'ivt iitnxmiiiiit riialuial limn ulii'h to oliiani fllixtcnr 
Willi till tmiiiiiL' ot tin iliitiK hifiiiiM' Imucxu matters liaxr 
ilhi'iid llx Its .iid ial<iiiiii iiiiliide is ]iioiiiiitd and seixesasa 
■‘Inaii souiM t,\ antxleiii lluiii it li.is iiKtiiue |iia< ta aide 
li\ (OHM itniir ai etxleiK inlorihxli ne to iililisc llcnii I) s sMitlii>s|s, 
and llius ohtaiii aliolml mi a innnm n lal s(.dr limn nitxlene or 
limn i.diliini «ai)i»de I'ii" ultimate laxx inaleiials ol tlie <aiiiiile, 
nl 1 mil 'e, an ■ oal tind < li.illt 

Tin xiastf 'M' Imm (ola o\i iis i mitaiiis limn | In J pii ciiit td 
itlixldio II a |>i.i> In aide iiM-aiis nf util|sinu this |i\ (he sul|diliin' 
• id jiinnss mi, Imiiid. i nke o\i|l uas inii:lil pioxe to lie an 
eirinmuual snincf of ahnlinl 

A diaxxha'L to this iiH'llind ajijiiais In he tin lelatixeix (oii* 
siduahle xtdiiiiH id sillin'; s||}|,||iini and that xxmild he iintssaiv 
for o|ieia(ioiis nl) a laii;e stale Niiothd iiossihilitx, hnuexei, is 
the iniixdsinn nf adividii into atelaldi lixde. and the Hdmlion 
of tlie latter lo alenliol 

VaiioiJs jiateiils haxe hieii takdi out fni itielhods of ohtuiniiip 
etlixU'iie and ahhhxde fimn aietxhne 

Thu.s 'li.iuhe' (oiivdth iidliiliiie into etiixlene hy tlie aid of 
chromoiis salts in add srdiilion. under )lle(^^rtle The (liromoiis 
will din he n !;erieia1e<l from the reiiilliti^' ehroiiiie (oiiij.ouiid hv 
mluelhm vitli zine, or hy eleetird^itie methods For e\!iiii|de, 
4 {»artH of crystallised chroiinuiii ehlojide, 20 jiartH oi ii^druehiorn 
acid (25 {K^r rent stieiii^h}, and 4 jmith of zme are hliaketi uitli 
04 {lart hy xx’eittht of Kiet}leiio iintler pn'KSure Kth^lciie and 
hydrogt'n arc iirodueed, and eaii bo ocfiaralcd by oidinary niethoda 

In a jiroccd-i dr>scrii>ed bx Frcf'iiian,^ etlijileiic la i»aid to be pro* 

IJ 2 


1 IKK. V.» SK7uIm, 11113; JtlaOTti, 1U14. 
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<lii(‘od by injoctini' ft current of hydrr^en into an electric arc b ^ than 
f*arbi>iH in n ehiiiuber from u Inch air im excluded The etliyler tncly, 
obtninefl Hied thnmgh a tower, where it id aliKorbed bysi.mately 
Acid The ul<>uhol in dmlilli'fl oft, and purifiiHl by n'etifieahon. 

In another prcNi'fiH,' ozonned oxygen (r)40 litreH) ih made to act 
ii|N)n a inixtim* of n<‘et\leiie (45 0 litres) and hydrogen (175 litres) 
at a low tmiifKTiitim* 'Hie ]inMliiet other thim the eseiqunjt gAE 
/ox,\'gi}n) is iieiilralirteil with sodium eurbonatu and frai'lioiiully 
(listdliMl; it gives lirst aldehyde and then nlHihol The }i«ld of 
nh'ohol H said tti Ik* aliout one-fourth of the theondu^al. 

IliblxTl and Mottoii’^ ohluiii aldehyde (a) bv pAsKing aeelylenc 
into diliitn Hiilpluirie aeid eoiitaiiiing a salt ol ineieiir) mid a salt 
of A n*lativel,N weak anid. stieli as a borate, uhoh is iiol lediieed 
under the working eonditioriK, or {h), bv |Mssing aiet^leiie into a 
solution (suitaiinng a salt of nieriiirv and an <i(‘id salt ol a sliong 
Held, eg, a bihulphate, but jiraelieallv no hvdii^en ioih A salt 
of a weak neid iniiv also he presisit in pioeess {h) The aeetalde- 
hvde piodiiHsl is distilhsl olT siinuUaneoiislv 

llrevfiis' obtains aldehyde bv the (oinblnation of ualei with 
aeet>len(‘ in tin* fin'setiee oi a inerrury salt 'I'Ih* nitr.iti*. the 
Aietute, and the ehlonde nie the most aelive A liquid inediuiil 
IS ein)ib\V(*d in wliieh the nieieiiiy eompoiind is soluble, siieh ns, 
'or example, aeetie neui, ,so (hat (he i.tlahsi ads in a nearly 
lioimigeneoiis s;i'>ltun <lr acetone inav be used as iiiediiim , it 
has A greater solvent aetion on aeetviene (h.iii vvalei has The 
aeetie aiud is eniplovtsl at a eoneentralion of SU |n ‘1 eeiit, und this 
is niaiiilanieil hv adding water as reqiiirtsl to K'plaee (hul taken up 
by the aiM't;vlene I'Voin H to 1(1 per eeiit of the eatidvst. is iih(sl 
ill the niix(iir<‘ In Dreyfus's proei'ss, the aldehyde piodun^d 
tiiuv, if nM(Uinsl, Iki oxiihsHl fortliwilli (o aeetie aeid h;^ iiieliiding 
ftii.oxidismg agent in the mixturi': thi* oxidisiT may be a |MTo\hle, 
or oxygen, with a ental>s('r siieli aa cerium oxirle or iimiignneac 
instate The tem(H*ratiire is Kiqil hetwisui oO' und KN)' 

Dilute Hidjihurie acid (15 to 50 jut ui nt), with im^reiine oxide as 
catalyst, has also bi'cn usei! to elTwt the hxdmtion of the iieetylene. 

A (jennan process,* based on a ximilar principle to that of 
Dn^vfiis's methml, is thus deserilinl.—Ai'etylene is led into a well- 
Ntirnsl mixtim^ of glaeial aeetie ov'td (KKNl grams), strong sulphuric 
lu'id (22 5 grama), and mercuric oxide (100 grains), at a teinju^rature 

* D.K-r, UUKOa. ItKH!, Jay It ('o. 

> IT.R. l\. (ii) 121548(1, (A) 12134S7, 1017. 

’ K.r., 470li:)li, 1014. 

< ar., 5132, 1016, CoHMurtum /. Ekktroeh., Numlieifi. 
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JTUNE or THE PnomTTTION OK AIjODHOI, !0! 


Tilt* f'V'iss of giis {NiMiiiii; out j>i (’on(liiot4'<t 
fnu’tioiiatin|r n rontli'iiMT liwihMl liv a fnrxin^ 

^aii aliHor|>(i(»ii (‘liais’d lutli aa<or in aliidi tlu* 

fl(‘ is alisorlH'd, ami thru Imck 1<» llio ri'iiHioii ii'hsd a)!aiii 
AI>ai»rjiUon taki'M plai'o at thu ralr of to l2lM) lilro** )NT hour. aihI 
uator Is addisl to i(‘|)l<nr that u>nl up (t'jlls j 1 I »0 ('II3 ('ll(l) 

Al(h'li}(li* pnHlu4i‘<l III (Ills ami otlior procohM'h may llaii hr 
vitloT n‘«lii<'4’il to aholiot or oxhlisi'd to uirtu' and, ai^t'oidiii^ to 


I'm uinstami'" 

Tlir ri'dm tioii is rlh 1 trd li\ {mssiii^r n ii)i>tiirr of uldi‘h\d« 
and purr hidtogni in rviss ovrr a (oluinii of inlmr^ iiirkrl at a 
trmpri'atiiir of 140 * At a hndiri tnii|M‘iutiiir (IKd‘). tlir a^di hide 
ill dri oiii[>i>sril into mrtiiaiir and laihon iiiomiMilr, ami in aii;i 
ras(> (he ir.Klion trials to hi rr\risril hy thr d4‘li,Ndio>;rnatioii of 
tlir alioliol forimil \1 110 iio\\i\rr. ahout Ml |H'r rriit <if tlir 
aldrhwir ]Mssin}r omr oirr thr iia krl ik roinriiMl into alcohol 
'Hir iatal\st is pi«|Minl h\ irdinliii; lilckd oxidr Ultli h,\dro^rii 
111 a triiipriatiiii' not liiula'i than ‘loti tin a lar^‘ siair, tlir main 
pitxiss 1^ (aiiird out in natal tiiho, prririahU of iinkrl hratrd 
rlrctnralK, in onlri to iryulatr tin toni|Nlatiiir most rasd;^ 

Tht‘ oiit^oinir \apoiits atr stioii^l\ loidrd in order to romiriihr 
thr ahohol ami iimhanps] aldrliidr, ahirli arr thru hr|uirnt<t] h\ 
fractional diMillation 

la onhr to a\oid " iM>isomni{" thr catal^at, it ih nrerhsary to 
unr urll pniilMsl hidro^rn and aldehyde 

«\mm1nit; to the < laiiii of A <• Ifioxam (foi the Klrrtn/atalHwrfk 
la)ii/.a).* A laiifo rvn^s of hi drop'll ih advisahlr, in older to n'diico 
the pro|N»itioii of niu'haiips] aldelivde in the pimiiiet. iiiid aUo to 
keep thr rr.ietKiiidninihri at the pfo|NT triiipi'raltirr h> con 
duetine auay the « xcins of heal devrlo|H'd 111 Die rrai lion, which ih 
a atroiigiy rxolhrriiiie one (ncaily MitI Cal pri kilo of alcohol 
jirodiiml) 

With :i Aix-lold r\<THS of h^ilfop'tl niMiX'r tlir tlirorrthal, the 
alcohol olilaimsl ih free from maliKlonniH liy>pPHlurlH, and ctiiiiujnH 
but Htilu aliirlivilu if thr h^dnigrii anti aldrh)dr-va|MHir arr 
poHMsl at a triii]M:ratim' of SM)'’ into thr n^artion-rliainlicr con- 
taiiiUif; tho mckcl, a tliirly-fold cxcckm of h^drop'n ko('|W the 
tomperature of the chamber at 15(C Thr oxii'hm of h>dnjgrn can 
be retumed again to th<* clianihrr through an rxtrnml circulation 
system 

The fori'going pna'caa, or Home tiiodiricalifui of it, is Ulldr^^1ood to 

■ SaliatiiY and SttitkTcnH, Cmnpt. rend f tUU'l, !tt7, 31)1. 

* i(.r. ijuinu, iiiiti 
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Ai/'Oiror. 


niAp. 


Ih‘ m (ijciIIn jii mni> 111 (iriinaiiy (HUS) for prtKluciiig IjoIIi alculiol aud 
ai'chr iUid 

I( ua -4 M'poiti'd III HU 7 (liat thr InHliiig SuNa hydiO’oliK’tric 
('om|uiii>, viorlxin^ ivitli tlio I«im7.a aliiiniimiin com{iany, had rom- 
plctcd rescan hi*’) ujioii (he produrtion of alcoliol from calcium 
c.trhidc, and (hat (he ■SsM^a Kcileial (hacrnincnt jointly uilh (ho 
Loii/a (itm woiihl iiUkhIiicc the new industiy 111(0 Switzerland. 
iVesuKiahly the proicsH is Imwrl ii(>on either (he etliUcne or the 
ahleh\<h‘ s\nthesis, hut the uetiinl delaiU do not a)i|H‘ar to have 
lM‘en )Mihli.sh(‘d It waa coin))iiled that an output of T.oOO to 
|<MKHl inelriy Ions would he reathed, hsninjr » surpliih for e\)>orl 
above the eouiitn ’h requm*nien(H In l!U8. a laij»e i»lan(. eaiKihlo 
of piodiieinu 3S niillions ol ^^allons jmt aiiniiiii, was slatisi to he 
in eniirso of eieilion at Visp 

In Cieriiianv, il ina\ h<‘ nunlioned the jiiodintion ol aleoliol 
lioiii ee 1 lll]o^e and fiom eahiiini (inhitle is to lie n'seixed to tho 
Slate (riii|HTial Spiiit Monopoh Ihll, HUS) This is done in the 
interests of (he tainunu ioinninnitv. "111 order to ;:uaid aj'aiiist 
a development whieli, iimler a s\s(em of fne (omjietition, would 
he danoeioiis to ai;il(iiltuie ' The uwiniilaetiiK' ol ahohol finni 
caleiiiin eaihiile is s.iid to liave Is'en (iiiikiI out \ei\ sine<‘ssliiily 
(or some time past, espisiall\ In (helloihst h'athwiiKtn 
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Cuts 
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OIIkt 
iiiiilt mils 
Cul^ 

KiiuI.iihI 

SmiIIiiiiiI 

III liiiul 

7s| si,j 
Isn.risa 

JI7.0I7 

ISMt.J.'tl 
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1 

:i 7sii 

-*o,7i;i 

I’liiti il Kiiiuiloiii 

i.iriii.iios 

1,1 OS 7.10 

1.30hLL»3 


20 . 71:1 


IjhO'i iiitiiits np> it\ 111 },lilts hill on tici'oinit of uui fontlitioim im« 

loss ii'|in*s«'niiiii\i' ol tioiiiiiil |iro(lui*tioii 

The makinu of \ea.st is now a very important op(*ratioii in many 
of the larcer <li.stilleru*s m addition to rpiiit production About 
t.wo-lifths of the total alcohol distilled 111 the I'liilrd Kingdom is 
made nl dis(illerle^ when' the priKliietioii of yeast is also eanied on. 

Noniiall^, lhert» an'about lAOto IttOnU'ohol-pnKhieinKdistUleries 
in (he kini^lnm The following (able shows (he iiumlier workings 
and the number of (hose making yi^st, in the year ended 
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SrptrmlHT *KMli MMH Tlir lifhvii \«msI profiiicin^ 

(.'onliUiuti'il of pioitf i>f iili'olutl t<manU a 

total prinUittioii 111 l!M» nitllion< fnan all llu iji'«(i11rtits 

IMniim 1 liti ^ tN' till I'mi'io kiNi.iMoi ^ I \i. I'lU* I'l 


I *I IIkI N nil (till III I Hill, 


I'tiili il 
Klii^ilniii 


I Wxiiii f 

I '•Mii; p;i 1 i III ^Itll- \\ ilh 
ur uilliuiii |••*l >iills 

II \ >t iftihi.f I/I 

{■l| I -llljr || ill lit .hll" 
«||I| oi Wlllnml lii'l ■‘t'lU 
l^'l I '‘lllj pi l-l'll •■Il1\ 

'ImI, U 


III 
1 *7 


i:t 

i:ii 


'rinis as i<‘>;aiiis ihi iiiinilM'i ol i|is1i|I«>mi s .Sollaiid coiih'h cnMl) 
liist Tilt* (|iiaiilit\ of .iltoliol (lisliticd iti Scoll.iml, lioMovcr, ih 
onU .ilioiil t>\i<i .li iiiMili as III Ktiitliiinl. .md luo and a half tiiiios 
.Is hiiK h .(s in Inl.iiid .'<iiudl ]>nl still di^lilliMii s aic a iiotnhh* 
of tilt' Scol.'h .iholml iiidiistn Till* lit pol stilN iioli'd iii 
ill'* f.dih* |iiodii(id ImiiIn oiiclliiid of till (olal ainouid of s]iirit 
illslilhd tioilh of (III* T\u>d 01 r’oiirs<> tlx* niiiiili<*r of disllllmob 
w’oiKiin; M).i\ \.ii\ ti lillli* iiotii n«‘.ii to m‘<ii In lillt it had tim’Ii 
lioni l.V.I In hi;t, and iti it li.id fallen to 112, pinhalilt 1)^ 
i'‘.isnii of \\.ir londitioiis 

Spirits distilled in the United Kingdom : quantities. Itiniiif; tha 
ten M'.us ftoiii 1*MIT to IM)l> llie aiiim.il )iindiii*ti<in of diMilled 
aholml III .'*'!■ nll.md i iii<;id fiom 2il to 2H iiiillinn<> ol inoof (^alloiis, 
III Knuiand fiom III7 ttt 1!1 !l iiiillion« and in lieland fioiii 117 t«» 
12 2 inilliniis In •tallnii'^ol .i]isi;|iil« aholml (|IN) pei eint aleohol) 
these litfuiis aie npproMmate)\ e<|iiiv.dent to - > 

Koi Seotl.iiid II f to Hi 0 iiulhons , 

KiiL'Iand li 1 . 7 *1 

, lielaiid, oo 711 

The actual total juoduidion of itpints dotilled m the riuled 
Kinqiloni in ciich of the li\e tearh 11112 IDHi is niiowii 
Ih'Iou '> 
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Veiir t ndetl 

I'lnnl 

ul> III 
titnlloiiH .if 
iilmohili 

Mult li :ils| 

t!.lll»ll« 

nli'tfliol 

\ 9\2 

t‘.,7l7.2«i 

2a,l)7l,<iji4 

11113 

fa,a'ij.7rii 

2isn2S.‘ll‘l 

tail 

.’)I.Ha2.1AK 

.•M.r)42,3LM 

1013 


2H,.«M3.9h3 

191(1 

49,190.19(1 

2H,0J1.J1U 



IW 


AunmoL 


nur. 


An iili‘H of till' n'lutivr |iro|KirlionH in uhii'h [miI-hIiII and ]ii>h'nt- 
slill ii|iiiilH nil' |iiikIii(ii 1 in Siiiti'h and Irinh distillvni'H may be 
gatlien'd from tlie following ligiircn- 


Y.'iii imiT 
Si ttliiiiil 
I’fil •.hll 

* si ill 

Iiiliml 

I’fl hlill 37l>.7:!8 :ui:i.iiH 

I'aliiil slill • • K,!l7k\lill7 

( 

Tilt* Uililr hhoMH (iImi till) pn>|)<>r(ioii priMliiiTd /nun iiisill only 
(‘omikinHl uilli (he ijimiility ohliiiiiod from a iiiivtun' of malt* und 
iiiiitiaU«‘(i ^naiii aiv pmcdiraliy (he oiil\ jnatoiialH mIik'Ii 

a( the dale of the r(*|H)rt ijuotrd (liNKI) had Im^oii rrd'iitly iiM'd in 
Sroltaiid or lrt‘lan«l for tlu> iiroduction of dislilliHl alcohol, thoui'li 
iiinlaHM'S, MU^ar. and acrr iiM‘d lo a Minall cxti’id in U'aia 

tfoiic by 

In I'hi^land at the |»icsciit Innr n <'onsidrial)h‘ <|iiaiitit> of alcohol 
la priMliK't'd fnmi inolasM's. as \^cll an fiom malt and iinnialt<*d 
i;;rain Kicc aiul other matormls art' also t‘in]>lo>t‘d, hut to a 
iclativt'ly small extent, as >\iU la* set‘ii from tin* table iiie\hiUhly 
Kiveii (p 1(13) 

The total tpiantity of jtinnia fvUnHrd fur humr funsnmj)tum iii 
the Ibutt'tl Kinitdtan during the year llii:) 14 uns ll2,r>lN),42(i ]>r(aif 
ualloiiri, eipiualent to lH.o8!l..*{4S pdlons of alMolule ahohol. 
Iliis titN’H not ineliitle alcohol iiit<'ndt*tl for making into 
meth)lated spirit, nor that for use fhit,\ fnv in arts and tiianu- 
fautiires 

Kor the M'lhiiMte counirit's, and (a'l head of tlie |M)])uUtton, tho 
t|iiuntities >\«‘te as folhias — 

Qiwiitily |N r 
lii'ail of the 
Tottti qimiit It y ]M)|Hilnl imi. 

l*r«iof aulleiui. I'ruof kuIIuiui 


KllltiHIIlt 

l'J,rhVJ,7,'>9 

OGt 

Sviitlaiul 


14A 

lii'liiiiil 


«71» 

Vaitisl Kiriittloni 

3.>,r>ua,43<» 

071 


The tjuantity of spints received hy methylators during the same 
period, fur converHion into mcthylatt'd spirit, uns 7,710,308 proof 
gallons. iH|uivuh'Ut to 4,402,228 gallons of absolute alcohol For 
* Kuval Oianmuiotoa on Wht^, Kepoft, pp 7, S. 


Kriiiii Frtiiii iiiiili 

limit fiiily iiiid |{iuiii. 
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»!M),rii7 ii,:i,i9,h:io 
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OUrLfinC OF TtCR PROOUimON OF ALOOHOL i0$ 

use (lnt.v-f«'r. I'ltlior in n pure utato liy ciillif;i'fl. li(M]iitn)s. clc, or 
with siH'ciiil ilriiitiir.iiilx in vnrioun nrln niiil inniinfactim-H, (lir 
quantify nas TUl.'JjK priHif italloiiii, iiiniinlciit to 4ril,S27 
of nbnolutr aii-uliul Tlii< iiiciudrs ti:<,lTII proof |>alioiia of mctliyl 
nk'uhul. iinportitl from nltnmd 

Alcohol exported and Imported : United Kingdom. The ('\])iirii< 
of lioinv-iiiiuli' hjiirdn (otlicr lliiiii iiirtli)luhHl (.piril) uUiouiit 
approxiiiiali'ly to 10 nidlion jiriHif pdlonn |ht nniiiini. 

In noniiul tiiiu") “ plain ” k]urit9 i.r„ nlrohol not Nnivtcncd or 
IlnxounHl-nn- iin|Hirti'd to llio oxtcnl of alniut half a million In 
IlmM'-ipiartcrii of a million pnmf iiallons. chii-lly fiom (imnniiy 
and Ituh'.iii 

Revenue from Spirits ; United Kingdom. - The not itrcipia of 
revenun from liomi-iiiudc and imporlial a]iiritb in tliu tivi' years 
1011 13 weiu ns follons ' - 


V( at 

lliltlK llilUll' 

llll|Mltt('ll 1 

Tiilnl 


L 

£ 

i 

mil 

IS.7.‘)|,2lHl 

1,20H.1H1 

2:i,0t0,HlKI 

lOiJ 

IS ’ill,502 

4.215,715 

22 727 127 

101 < 

IN,122.102 

4.MH{,70.'> 

22!.Viol2H7 

1011 

10.VI0.777 

I.Cl’i.'MN) 

22,07.5.277 

loi.'i 

Excise 

20,:iO.Vri(»0 I.OT.VMKI 

Rates of Duty, loisirmb'ii KuiKiiiMii). 

2.5.27l.r)0.7 


£ M, (/. 

J)i 11, Ilf siNHilir (t {mt iMi tfiillniih. 

f lilt r III |M'iiy II (I I „ lltilluM 

S|iiiils 

\\ i| fill HviMiiKtu liltin' 1 111 <1 llu'imiiif Kiilli*ii 

„ 2 iiiifl li <x4 Hum !i I II <1 •• 

Ni»l \>iiii'lHm<«'<l. <H wun'liiiii>it’it fi>> live tiuiii 

2.x Ills 1 II •> ,f rt 


Customs 

KpiiitH 'Iliii CiiriimiH (liituti (III plain H|itri(i, uml iiImi iiii Hiimvh hikI 
miitutiDii nun, an- W lu'i |»nM»l fiNlloii iiuin' (liiin iIium* kIiuhii uImix' 
(hi limiidy uml nim, the i*xn*Hi» uimx' tla K\('i*m* ralo ih Ii/ jut Kullmi 
Kill hWci'li'iKil h(NiiU oial ikHuiiuhI kjiinla, tha rad* vwicm HCCunliiiK 
fd wliclhcr tlic H|>inta nn.' iniiiorliil in cunk <ir in iwitli* 

£ * (/. 


(*}ili»rul hydnito 
('lilttrofiim) 
Ciilluilidii 

fithor, Ncctic 
„ bulynu 
aulphunc 
Kthyl broimdo 
„ clUuride . 
„ UNliclo 


0 1 UiM'rlk 
U 4 4 „ 

1 H 11 „ KAllnii. 

» 2 7 „ lb. 

1 1 Ih „ Kttlliiii 

1 IH 6 „ „ 

0 15.. lb. 

I 1 10 „ tpiUoii. 

0 1» 0 M se 
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Arx:;r}HOii 


CHAP. 


Imports, into tin* (Tuitrd Kingdom, of methyl alcohol not {lunfied 
Hiillk’irntly to la* fxdublc 



CfllllllH. 

toil 

(SiillniH. 

t'limiila 



Itllllcil Slull'4 

2<J7,702 

3.M.KK1 



32.3JO 

tnliiT cmintiii H 

01.210 

2Ii,:K1 

Viiliie 

018,013 

£70,175 

107.213 

£53,2111 


Annual production of alcohol. The folhnving table MnniiuiUMS 
tho approximate niiiiiial (piantili(‘H of alcohol pnalnu'd by tlic 
largiT coiintnei*, wUli the prineijail rcM materials 
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Million pillons (Imp) of 


(’lllUlIl) 

lIKl |M‘r n III 

lllcdlldl 

< hu t 

Mi.iti n.iN 


'I'nlld 

f'tl'd 111 fiM 

(■lll|l|l•l|T (1 


|iiiMUir- 

Imii, 

i (•• 

's. t«‘( IlIIM'lll 

|kiir|HiM s 

AihIiiii liuiiu'tnv 

M) l> 

tJ-7 

10 1 

M.l'/i* In t 1 llinlili 1 

Kinti(i‘ . 

3 

(i 3 

117 1 

Ia 1 1 , niiil.i-Hiw inut 
iHtl.ltiK <s 

(iUiiiiinv 

S2 0 

10 7 

310 

Pttl.ihiis I'laiii, iini 
liix'As, rriiil. 

Itiilv . . 

n t 

0 1 

-’.3 


Kii'isiti 

I.Vi !> 

07 3 

ss 

I^■lnl<■<^, L'liun 

t'nih il Kitiplmii 

20 0 

1S2 

3 0 

llt.iiii, iimldsM.. 

i'liiltil sStalcs 


r»(i 1 

* .3 JTIIIs' 

ri«* 

ii\i iiiip* 

itituii. iniil.ik-' • 


mill lliillaml mu'Ii firmliici' alioiil 7 J iiiilliiiii |;iillniis 
In l''lllll^•^ ii|i|)ii).\imat(‘ly nni> linlf of llu' total ijuaiil ilv olil.iiiicil 
fnini aiigar iH'i-ta. anti onraixth fioin niolnvM»< Alaiiit niu'-si\lli 
niao ia priKlucial from wine and friiita The n'lnmniler ih su|>]ilie(l 
liy laitatoea and other btareh-heaihi); inateriali In the year I!II 2 
about 12 i niillinn gallons weiu uaeil for heating and lighting, and 
't nnlliona fur making explosives 

111 the Uniteil Ktatos, the hulk of the alcohol produceil naa 
derived from grain, chiolly maize, but an appreeiabie proportion 
is obtaincal from molasses Aeeotdiiig to A tM Breeklcr,' the total 
molasses available in tlie States and Oiilia noulil siifliee to prodnee 
about 67 million gallons (Imp) of aieohot At the price of 5 cents 
per V iS gallon for molaasea, alenhnl eoiild lie ]inaliiivd from this 


1 ./. Imt fag Chern. 1917, (, SIZ. 
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mntcniil iit tibuul 10 crnls iht TS ]>nKif pllun, (*qui\nU*nt U) 
|MT Imperial gallon at 100 ]ht enit '*(nniplli 'Hio nxeragt* 
pnoo of ulcnhol fn)iii inaire ilwring On* li\p xcara prior 1o 1017 wiih 
17 5 cents ^ict V S proof gallon From Oio iioint i»f ^icw of llic 
list' of alcohol AS a motor furl, mfti/x* spiiit it> loo cxiirnhivr. nml tlic 
total amount obtaiimlilr from niolassi*;; noubi n‘pri*M*iit nni\ nlKMil 
5 tM‘r cent of llir I'ountry's rr(|iiir(*iucnl< of motor fuel 

ticrmany, it will lio noticrtl. is after Itnssin the largest piodinrr 
of abohol, with more than ilin’c tiiins the (|uantity made in thm 
country A large pniportion honnet i<»imhh oncfoiiilh of the 
uholc. IS list'd in heating and lighting for whuh piii)H)st*s in the 
rmted Kingdom cht'UtHT |ietroleiim .iiid giis !m**a\ai)iihle In 
(ienn.iin. the alcohol dMdIing imiustn, iiislt.id of U-ifig coiucn 
trattsi into a feu hands as in this coiihtrN, ih a >«‘i;i widt*spread 
one 111 fait, the dMiilerv is often an .i]>|Kiiiime ol the farm or 
the r«mall holdiim The total inimher of dihtillciieh its more than 
l'ive-M\tlis of the nniiihi‘i. houever. ait mt) small 
* farm' disiiUeties iiiodming aholiol ftoin iniit and uHli an 
average out)M]l of only idioiit M) to gallons veaiK There me 
mole than (liKHI largei fatm tlisldleiies ujth an aveiage \earlv 
nii|)iiit Ilf lather less than 1<HK) gnlhuiK eaeli, )iiodiii mg nlioliol from 
giaiii The gie.it Inilk of the tieiman aleoliol. uhoiit fom (iltlis 
of it. Is. houever, ohtaiiied from potatoes Mi»s( of the diMillciieh 
eni|ilo\e(l in this hianeli of the iiiiliMiv a)>|iio\inialeK ti.tNiti 
art' also agiieiiUural dislilleiies 

The tiermaii dislillmes me diMilul into thria* ehissi>s, uhiili an* 
.11 (oided reitmn dillerenees of Inal merit in the matter of taxation 
Tinte are liist. "iiiihisliiul di-tilhms' (tiimihluhr JtrfMiunuH]^ 
i.iincsl on h,\ mdiMdii.ils or lompaiiiis soleiv for nianiifactuiiiig 
]iiii|)nsi'H St'CtmiUv. theie me agiiiidtiiial distillciies ’ {lartfi- 
u'ofhsi'litifflirlKi Hunmnmi), these use as lau matiiiulh fHilaliNw 
or gram grown on the ourieis fainis. or on the farms of one nr mom 
of the owners if the disldhrv helongs to a co-operative orgiiiiihii> 
tion "Material t|l^ 1 lliclles ‘ {imlnml nn»n(nicu} form the 
third elass; they an* the verv small (ouceriis wliieh use fruits, 
herries, wine let's, and the imirth of gni|M*s fur their raw iiiulerialH 
Hv far tlio gr(*ater tinqsirlioii of the sjiirit made in Gennany is 
pnxluci'd by the s(*(g)nd gnmp the " agri<*u1tiiral ” dislillerieH. 

In tliQ interests of ugriiiilture, the prodiietnin <if alcohol fmm 
{Kitatocs has all along lieen foslf*nsl by thu State Tlic residual 
product from the distdiation m valuable as n feisHng siul! and 
fertiliser, and the agrarian inU*rcs1s have iirgisl that withmit the 
distilling industry ab aneillury tu their agiieulliiral ujaTations largo 
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tmota i>f lif;lit Huilii in the I'liKtrni |in)viii<vH (‘iiiilil nnt prolitnlil} Iki 
ciiUivntt'd Till' Hilualiiiii ih ihiiv. linni'M'r, iKi'oiiiint; (niiiiilicntiil 
liy (hr tlin'iiti'iiiil ('iiiii|H'titiiiii (if iili'iiliiil fniiii I'lili'iiiiii cnrliidi', 
WIHXI WIIhIi', llllll Hlll|llllt(' lll|IIOIH 

Till' hiilijiHiinl iilistrani nf ii I'liitiil StiitcM piililiciition gives a 
iiM'ful mumf uf till' htt'iw taken In lubter the iiidiistri. 


AiwntMT in' USA Di'innniKN'i' oi' Ainiii'i'LTnii; Itu.i.i'/iui 
Nil IK2 I’lioi'i'XMiiiNAr. I’ti'KU “ Aiiiiicri.Ti'ttii. Ait'iiinn.. 

Sl'l'IMI'K III' ITS 11\M I'.tei'llKh IN ClKlilllNV ” 

« 

% K 'A'lrmen, (larernmriit I'rmltuij Officf, litin 

1 Inlimlucluin - lip to IHtfl, the aleiihnl iiidnstry in (ieriiiiinj 
ana liiea'd on llie use of ivrenis. and uiis (leielo|ii'd ni.iiiil\ in the 
liiuns With the e\|Sinsion of the enitiiiitioii of |HitutiHi< ahieli 
giMi n liiigiT ,\ield of stan'li (ht nen' tliiin een'iils the distill.ilioii 
of iileoliol hceiiiiio hugely an iigrieiiltiiriil indiihtry The iigrii idliinil 
Higiiilieaiii'e of this development is as follonh. - 

(il) All the ingredients taken hy the |Hiliitoes fnini the soil 
are relurnisl to the soil 

(fi) Tile spent ninah is an iin|Kirtnnt fml fur rattle 
(e) The liltiisliirtion of potat(H'S into the Mlation of i ro|M has 
made possihle larger j lelds of irreiils 
(if) The farmer has Iss'ii aide to eoiivert the iinstalde potato 
rropintoastahlo|irndiiet vliieli may he held ns a surplus 
stiK'k for seieral years 

2 iliiAk ciifneilij lam, IH2I) and IMOS- 1'p to IH2(I, the tax 
aus leviisl on the still; this uiis n-plarisl in IViissia mill other 
North (ierniiin iStates by a niiish-eaparity tax In IRtlS Ihis tux 
nas oxteiidisi to all States in the North tirruian Keilerntion 

3 Tam on the ^ninhed prodarts, 1887.- In 1887, a tav aios 
levied on tho iiiiisliisl pnxiuet, wlirn disposisl of, in adilitiiui to 
the ninali-rn|iaeity tax The serond tax aas liigher tlian the 
iimt, and was graduated aeeonling to the ipinntity nf sjiirit iiro- 
ducisl A eertmn amount (A'outiajrat) suppowsl to I'qiiul tho 
eonsiuuption fur beverago purposes was taxisl at the rate of 2s Id 
piT gaiion. Hid surplus ( VebertonlingenI) was taxed at tho rate 
of 2s lid per gallon Aleidiol used for industrial piirimses was 
not aliccted by this legislation, since the tax paid was refunded 
(see below). After this Art eaine uito forre denatured alcohol 
beeaiuo as fa'O as any other commereial commodity, and its price 
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was lowered. Tlie reeiitt wan tliat tlie quantity of indiistmi h1(h»))iiI 
UHcd alxmt doubled in one year. 

4. Incteaxf in tfchnind utihmiion of alfohvi - AftiT 1SH7, then* 
was a constant inen^aso in the eruisiimpiion of aWhol fur tei-hniia) 
purpoHC'H Jt uas nH'Oi;iiised that the most iin|)Oiiant tiehl in 
whiih this coiisiiiiiption could be looked for uas in its appheiitioii 
to the pnaluction of heat, ]i|;ht, iiimI |K)Mer Alcohol burners and 
cuokiii}? ajipnratiiH h.id iieen umsI for >i loii}; lime Its applieiitiori 
for illumination and the ftimeratioii of power were, however, new 
But 111 order to neconijilish anxthm^ of nsal im|K)rtance. the ]in<'e 
of al(*uhol iinil to be redueiNl to such n ]Miiiit that it (siiild c<mi|M>te 
nith iM^tnileiiin * 

5 IhstilhtioH tar, ISOft, awl ImHH ov twhiHfriahakoltal 
Knsslorn from ta\u!ioii did not sullice for the purpose desinsl 
llie distillation tax was ueeonliiiKly brought into fone in JKtiri 
Tln‘ n'veniK's from this soiinH' wen> iimhI for tia^iiiff a refund or 
boiiiiH on the aleolinl iimu] in (iermany for other than bevern}^ 
pniposes fii other wonls. the nioiie) neerasary to lower the 
priee of iiidiistnnl iih'oliol was raised within the (liHlilliiig induntry 
itself 1*lie n'siilt was that fiom 1A05 to IHtKl the quantity of 
alcohol us(m 1 industrially iiiercastsl fnmi less than Jtl million to 
inoie than 2l intllioii italloiis 

ti /«CM7/w» tn fuitah ruHmr- From IH07 the pnaluction of 
alcohol in (leriiiiiny made eiiormouH strides, mid, aa ft result of 
pni^ri'ss in tfie i nltiv'iitioii of {sttatoos, lianests incnsisisl to an 
e\traoidinar\ de^ns*. Tin* iiK'n’nMsl piSHluetion of nleohol 
was due not only to the lar^iT yields, but also to the cultivation 
of |H)tat(a*H richer in stardi and to inipniveineiiiH in teehiiolofty 

111 several years after JHH7, the finam'ial siim^ss of the distillenea 
was not gnsit Tiie pnee fell liy about ,'kf ]X'r gallon, white the 
Kautingrni did not niTonl a sullieieiit sulistituto for thu nshietiori 
in price Moreover, thu prices of ah'ohol were regulated by tin* 
Berlin (liainberof Omimeri'e in siieb a way that they wen* ndutively 
low during montlis in which the alcohrd was in the hands of the 
distiller, but they were raised as wxm os the produix'iw hod dwjMwed 
of the spirit The result was that the dealera and not tlie manu- 
facturen enjoyed thu greatest part of the iirofits. 

7. Co-operation in iMrkehng,- It w*ns soon recognised that relh'f 
would como only from thu co-operative disisiaal of tlio aUtihol 
produced. Various attempts in tliis din*ctioii were made, and a 
number of provincial sale associationB were, organised. It was, 
hnwover, only with tlic third attempt tliat thooe ellorto were crowned 
with success. 
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■ 8 OnjiinMilion nf llte (IfKind --Tii 18!)!) Hie “ Society 

of (ienniiii DintilleiH for the I)ih|)omiI of AKoliul ” viay e^tablihlicrl. 
Thia itieliiileil iirnctK ally all the distilleries Thia orgaiiiaatioa 
iiiiulo a ismtraet for iiinu yearn, since renened fur a fiirllier perioti 
of nine yearn, with Hie “(Vntiai Organisation for the Ols|Hi.snl of 
Alcohol,” which was also a new organisation including nearly all 
the iis'lilic'is ol alcohol The Distillers' Societj agreed to tuiii 
over to the Ccntiid Associalion all Hieir alcohol, and the, Ccnti.il 
.Associal i»n iiiidcrtnok to dis|H)si- of the aleohol on the Ih'sI teiiiis 
(lossilile loi a ceil,iiii (oiii|H-iisation |iriinnrily foi the iccliliialion 
of Hie spiril The essential te.itiiic of this arraiigeiiicnt nas that, 
the distillers nVn' no longer al Hie disad\aniage of Ion |iriccn at 
Hie liiiie Hiey uanted to dispose of llieir product 
The Ceiilial \ssoci,ilion Iroin the outset legarded the im lease 
ill demand as its prime oliject. mid lor this piiiposi- Hie Teilimial 
■Si'clion of Hie Ccntial Association i\,is crealcil The iiiaiii olijeits 
of this seition Here ns follon, ma 

(a) To test and develop appaialiis tor lie.it, light, and poiiei 

(h) To esiahhsh stoics for the s.ile of smh ap|iaiatiis 

(i:| To start a litei.ir) cam|Migii ha the applnalii.. aliohol 

lo household needs 

(if) To send exhihils to vaiioiis ceiilres 

(i) To oig.iiiise a retail tiaile ill di’lialiilcd aliohol ol the 

leipiinsi strength and at a stahle pine 

1) SuffM Ilf llif I'liilnd .l.ssijem/ii>n In IS!I!I, ... 

of industrial alcohol was L’8! million g.illons, and In IIHHi n h.id 
inereasisl to 8!) million gallons The ineiease uonid have heen 
gri-ater had it not liis-iv for the lai 1 that in liKII 2 the dcvi'lopineiit 
of iiidlistrial ahsihol hud to oveieonie the seiious ohstai le ol tlie 
removal of the distillation t.i\ of l,S!l.'i In spite of the iinleased 
||S(> of iiidustrail ahsihol, it lasaiiie dilheiilt lo estahhsli an isjui- 
lihriiim Isdueen prisliiction and luiisumption IssMiise of the 
enormous iiicrease in the pnsliiclion of |ailaliH's The surplus of 
ahsihol was iiietaasing from year to year. 

Ill VolttHtaiii rcgidalioa if praluclwn In 1902, the surplus 
a\eis.'ded 2ti inillinn gallons, viiHi the result that some nieaiis had 
to Iw found fur the legiilation of prodiietiun A suiss-ssfiil up|asil 
was nuidu to the agricultural distillers, nlmiit 90 ikt cent of tihom 
ngnssl voluutardy to nsliiec their output by about 18 jar issit 
Tbo result was that tho surplus catriisl over in the following year 
foil to about 8 million gallons 1’he regiihition of uiilpiit heiiec- 
forth hocaine a atamhvrd fisiture nf the distilling industry. 

II. The potato the principal loarce of aleohU.- Of 64,800,000 
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Af'iTH of amblf UiikI iti Gt'riiuiny, tir f>i‘r cent, 

pUiit(Kl with {KitatiHrs III ItNil, iiliilr iiiily 3,n!K),tMN) ni'n^s, or 

110 |MT luiit , wt'io to ii'rt'aiti Tlu' yi<*1il of in 

Imihvtfi of (ft) Ih per acn^ ri»H* from ]o7 o iii IStHi to 205 m 11HI7 
Potato forma one of tlie lieat hupjairts for lationul metloHlh 

of ti!;ru'ultun\ (*s[M'emil\ wlirre rmiiiiiMiiiiees art' uiiftivoiiruhle 
n't in a lai^e |»aii of (lerniaiiN tu the eiilli\ation of (lie siipir- 
iM'ot In faet. tlioiisuiuN of ai'ruiiltiirat iimleitakingh iti rieriniiiiv 
one tlieli esMeiiee (o the (iMlIlciie^ 

III ItliiH aiioul a^Kultiiial potato ilistillenes Mere in 

operation in ChTinun\, (he proiluelioii ot Npint.s froiii other Hoiiiieh 

111 that louiitiy iM'iim niMpiiluanl * 

Alcohol from sulphite liquor. Ifjaine .lolmseii.t ahn'luis eon 
'•iuleieil till'' lpl(‘^llon from the jioiiit ot vieM' ot Canadian iniliisli,>, 
Ln\<> ''Hie ealeiilations nf the eos( «it iiiaiiufaetutiii); aleohol Itoni 
siilpliit ua^ti lapinr They lest ii|Nin data ohliiined l»v I{a^f;hind 
on the Im'I-oI ojieialions at thiu'lai^e pul]i fa< toiiea inSeandiimviii, 
HiKl •ralloii't heini; taken ajj the ipiantit\ ot Ikjiioi leeoven'd ]m>i 
ton ol pulp Vssiimin^ lor Caiiadiaii eonditioiiK (hat the eoaU of 
plant, iahoiii, '•aliiia.^ ami ie|Niiis aie .K) ]M‘r eeiil hi^'her than in 
S( aiidiiiavia, and allouiiie 15 (ht cent foi depret'inlion and mten*Rt, 
(lie totid (MKt of one fiupi iial gallon of alcohol (KMI piT lent) wurka 
out at 0 2J dollai (ltd ) lor a fai-torv turning out ^ttMXJO tona of 
piiip, and 0:i2 dollar (U Id) for a Miialler ta<U)r\ uilh oiuMhird 
of thin out|)Ul Ify another i ah illation, based ujion inanufucliiriiitr 
e\|M'ns«‘s us estimated by liaiidniiuk, the eot>t of ptiKluclioii Mork.s 
out to MimeMhat le-^s than the lirsl lijruie jiiiniel}, to 0 It) dollar 
(MJd) ]H'r liiijN’iial pdloii 

A M Iliisklei desiissea (his ipiestion Fioin the AmerMnn ]>oini 
of vi(M, and adds some ^eni'ial inloniiatioii also, in an urtieh' on 
the ihiap prududion of alcohol • The thief jiointa ore .• • 

Kuel and Mutt'i'-hUjiply ato iiii|Miitaiit eoiinideiatioiiH Wuate 
.sulphite hipior as i.oiiu‘nliate<l fi»r ItTinentalion coiitaiiiN 4 per (viit 
uf liuxo’Hi .Sudani, i‘orri‘s|)ondii% in pruclKs^ uith a yield of about 
2 2 per tent of alcohol TJie lieat of dialillatioii |nt (US) gallon 
of 8U (MT cent alcohol (vol.) from autli a liijuid would be ]2(k()U() 
If I'll U. under tin* beat coiiditionap and would probably in praetieu 
approach lKt),(K)0 J> I'h U. On thin batuB. 10 tu 14 lb uf a gmxJ 
cool would be retpiirctl At a prita.* uf 3 dollara p(‘r ton fur coal, 
the cost of tile diatillation would be from I 5 to 2 1 centM per gallon 
fn like ituiincr, tlie coat of diatillmg 80 per cent ulcoliol from 

>■ J, Sor. ahem, hid., ItllB, 37, 131. 

I J. Itid. £ng. Chem , lUl?. 9. 012. 
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wiiKhiiin jiiiir, ciintAining 1.1 j)er cent, of hexam- (nigara, nouki be 
fniiii U i to 0II ivnl iwr gallon with coal at the mine price. 

With aUrch-containing nintcriulH, whcic the miwh n-quircs 
pn'liiniiuiry “ (Kioking,” tho iiuiiiIht of H Th U. as calculated for 
the distillation may ho miiltipliiil by the factor 2o In a gmin 
distdlcrr the fuel miuinsl for gniiding. ]iuinping. etc, is alaiiit 
iill |N'r cent of the total quantity used To eoiidcnsc 1(10 giilloiis 
of KO |HT cent alcohol and cool it down to H.>" K. (20" ('). the 
i|uniitit,\ of water nsiuircil will lungc from !HI0 gallons iit .'i.T' l‘'. 
(i:i“ C ) to I2:i0 galloim at !«»“ b’ (27° (') 

111 general, assuming ii liquid as pnqain'd for ferinentalioii to 
contain 10 ]h-i cent, of feriiicntablu nmtiei, the following table 
shows the iiinMiiiiini |s‘rniissible isist per pound of fennentnble 
nintler for the pitsiuetioii of iihsihnl nt any given cost |s-i' )insif 
gallon, allowing a }ieM of H.'i |M-r cent (N It l'>S “ pniol 
,'iO |a>r eeni alcohol by voliiiiie. and I’S gallon 0 K.‘|;| Jm)HTaiI 
gallon) 


MiIMIIIIIIII 
|H>i Ih ii> 
licvthiit. cniN 

lU 
1 2 
I I 

I M 
LMI 


Miiiuiiiim cihI 

IN*! 

oi , 

ur» 

11 i 
ViU 
111* 
ir»7 
17 J 


MaMiiiuiii I osf 
|ii>i III 111 
hi'Mmi', iciiIh 

j j 

Vi 

2 II 
L’ K 

:mi 


Mitiiiiiuiii ('ihI 
|ii I |ii<Hi| f'alltin 
(il akolidl, 

1H7 
20 _» 

2f s 
J.t :i 
21 I 


Tlius in evamining whether alcohol fioiii potiitix's could eoiiqa'le 
with giisoliiic (|H'lnil) us II motor fuel, siqqsisc the pros' of tin' 
gasoline to la* .'Mt cents |H'r gallon. Assuming that nliMiliite alcohol 
and giisolino giic the same amount of jxiwcr ^s'r gallon, the cost 
of (he niuohol must be taken ns I.i is'nts |K'r jimif gallon 'Jlien 
from the talile, tlio raw innteriiil must rust not more than 1 7 cents 
]H'r lb of fermentiiblo material J’otuttM's fur alcohol contain 
2(1 ]H'r cent of starch ' 22 2 jier (s'nt of dextrose; so that the 
maximum allowable eostjasr lb. of putatws is 0 222 ;; 1 7 --- OSH 
cent if tho residue is not utilised as a feeding-stulT. Or. reckoiimg 
01 cent per lb. of {Kitatoes for the value of tho residue ns a 
fodbiig-stulT. tho maximum that could be paid for jiotatovs in this 
ease would bo 048 rent per lb, or 28 8 cents ikt bushel. The 
averago farm value of jsitatoos. however, was 01 4 cents {ler bushel 
during the nine years 1907-191.1, and tlie'prico of gasoline iwr 
gallon in 1917 was 20 runts, not 30; so that according to these 
caloiibtiuna potatoes in tho United States, just as in this country, 
do not promise to bo a sufficiently cheap raw material of alcohol 
to compete with petrol as a fuel under present oonjUtions. 
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Foil R (i>iii|)]ch* :u‘(ouiit of till' iiH|M)i'(Rnt cIrsh (»f luHlirR tiTiiifd 
hIcoIioIh/* ()m' pnMifH of tlioir ('lioniicnt (<»iiHlitii(]on, 

r.'fi'n’iKH* iiiiisl )h‘ iimdo U'xt>h(HikN of oimitiu Hu'iniMn It 
Hoiilcl Ih‘ In‘\iiiii{ 1)i(‘ m‘o|h‘ o| tlio jiri'sciit uotk to M>t out fully 
tlio ic.wiiis uliK )i lm\o Ini I hoiiiJstH lofrnmp tof^i'llu rnsalroholN " 
Hiilihl.iimn* so (lissiriiilnr in ii|i|H>iiian<T as li^'ht, iiioImIo uom) spirit, 
vivid, liva\y jrl.vrorol, and nilid, >ui\ liko cmdm Nono tlir 
k'Ns. It Mill lie useful and roiivviiiciil to 1 uim‘ liore Hiiiuiuar;k of 
tliv ehief (lu'iiiical faits mIiK'Ii an* coinmuii to the alcohols as ii 
Ulioli* 

III this (]ui]»ter, tli''n>foH\ it is projiovd hricll> to dcscnla* tin* 
choiUKal cli.iiarlcis mIiicIi distinioiish tlio ahsdiuls as a <lass, and 
nioiv iNirticnlarU ilu* ulipliatii*. iiioiioliulnc alcohols The spiHiul 
]uo|M*ttles of eth\l nhohol. at also of its coiifrcners iuclh,>]. plopyl, 
hut\l, an<l nni\l alcohols. >^ill be dealt alth in suhsiMiuent (liupters 
Or<linnr\ abohol (c|h\l iilndiol, (!{1 Iq(HI) is the hest ktiomi 
ineinher of a senes of neutral substances, some lii|aid, others solid, 
wliieh enn lie hsilced u|Hm ehenm'aliv as derunl fioin h\droearl>oiiH 
.'by the n*plnn'inent of one h\dro^en atom hy a liydnix^l ttnaip 
Thus rorr(^|M)ndinft with 


Muthnne, ('Iff. au have ril, ttlf. itieth)! aleohol, 
Kthane, ('jilt OH, ethyl 

IVopane, ., ('jH^OH. pnijnl 

Iliitane, OJIiq, ('iH^Oll. hutvl 
Pentane, ('jlli,, „ OH, ain>l „ 


And ao on; the fiirthec meniberH of tins series of alrohola hewing 
' dMigTiateU liexyl, hept}!, m tyl, etc, ahsihols, aixsmlinf^ to the 
number of carbon utoma which they contain 
Classification.— Aleohola aru clasHifiisl as monohyMc, 
dlhydrlc, tribydrle, and polyhydrie, ftinxirding to whether one, two, 
three, or more hydroxyl gnniirt are tireiient in tlieiii Tliua those 
of the series repreaented aliovc are all inonohydnc alcohols. Glycol, 
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Iho formula of which is m an oxamplo of a dihydric 

alcohol, and glycerol, (',U5(f)fI)5. w a trihylnc alcohol. In this 
work, we arc* comxTiusl almost I'XchiHivcl^ with the inonohydric 
HcricH 

A further distmciioii into primary, secondary, and tertiary alcohoU 
iM i)n.s(s! upon di(T(iciic‘i*s of htriictun* When a curhon atom ie 
Imkcsl to only one other (‘arhon atom, it is termist itrimavj. If 
linked to two others, il is a Acrondm//, and if to three, a fer/mii/, 
carbon atom Now n |iutnarv alcohol is one m which (he* h>dn)\\] 
group is altaehcsl to u pnmarv cm Ism atom; whilst in a seesmdary 
or a tertiary alcohol (he )i\c|ro\\] gioiip is allaehed to a Ms>oiidar\ 
or a tertiary Wulion atom H>speeti\e 1 v hence it follows that 

1 Prltnary ah>ohols csmtain the group K\am)jle 

2 Secondary nieoliols eoiitam the uroiip X'lMill Kx.imple 
t!||,(!||(t)l[)*(!|i,, no/no/iy/ itlfM 

3 Tertiary aleohols eonlain the group (Mill Kvamph' 


11,0 

llj(! (!tHI, totion/ I'liiltKfffl fthtfhiil 

11,0 

Methyl alcohol, OlfjOll, is a piiiMai\ aliohn) cemtaming oiih 
one earhon atom The gtoup (11^011 is in tins case attueliiMl 
to a hydrogen atom 

Formulation. Tin* <il<o)iols can la* IcMikecl iijMin as dcuiMsl 
from methyl alcohol, the simph'sl memliet oi the* senes, h;^ ie]ilai ing 
hydrogen of the Ciljgioiip with \Aiicms alk}l gioiips, llnis 


l" 

iCll, 

|0,H, 

pill 

'111 

pill 
‘ H 

.■1" 

' 1" 

loll 

Ion 

'OH 

011,011 

011,011,011 

0,11,011,011 

1 fli>l nlisilitil 

all'•lull. 

l'ui}>\l |l|c‘ollo| 


The name earhmol " was jiiotioscd for methU alcohol h\ Kolhe. 
As shown hy the foruuilie above, elh)l alcohol can be ch'scnlied 
08 *' meth> I carbmol," propyl alcohol os eUi}leaibinol," and so on. 

If a scromf hydrogi'u atom h n'pIaeiHl, we get a secondary 
alcohol - 


tJ 


OH, 

Oil, 

11 

OH 

(Diiiic lliyl carliiaijl.) 
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SimiliirJy, if all thnM; li}ilrogcn atonirt aro replaced by alk\l 
groups, tertiary alcohols ri'siilt This method of fonnulutioii nn<l 
this nomciiclatun* arc often eoiueiiiciit 
Thu 4 sy 8 (einatie imiiics, iiictlmiiol,*' ''ethanol." pro|miiol,‘' 
and iio on, liaTu also lK*on piois^cd for the niethU rtlul. propNi. 
utc. alcohols They mdiealv the relaliotishiim with the corn‘- 
Hpoiidiiig hvdrrH'urlKuiH, inc'tliaiie, ethane, projnine, t‘t<' , >\hils| 
the tirininatioii "ol” iiignities that tho hul)staiic<*s iin‘ iileoliolN 
'Hie position of tho OH group is indicated uhen netessary h'l a 
iiiiiileml, thus lyiprop}! alcohol, (' 11 ^ (MI(Oll) ('ll „ Mould he 
2 pro|innoI 

Isomerism in the alcohols. Whilst only one iiirtli,\l 
aliohot ixissihle and only one eih.\l aholiol. the forniiilie sIiom 
that tMo prrtpU .ilioliols, fiMir l>ut>l, and iiiflil nm\l aleolioln can 
exist In the last three elassis, jMiineiisiN max In* piodined (I) hy 
the Oil gioiip taking 11 ]) (lltleieiit positioiiN 111 the llioleeille , ( 2 ) )),\ 
the bianeiiin<! ol the cnihon ehaiii, aiul ( 11 ) hx hoth these eiiiiH's 
iM'tlllir tog( tllel 

('orisuhl, toi example, Imlxl aleolit>l, tyf^dll Tho normal 
primary ll•lmll]a is - 

('lf.(’ll^('Ilj(’llj(MI (i) 

xxln K the i.iilitiii atoms aie iiiaikul ], 2 , 2 . niid I lor (oiivenietue 
ol Hti'onM Instead oi hnng atliulied In a terminal larhoii 

.'itoni ('. as siioxxii, the Oil gnuip iiiiLdit lie iitiiled to one of the 

mieniieiliate tarhon atoms 0 or (' uuing in i ith<>r ean* the normal 
secondary ah ohul, 

0llj(;il,('ll(Oll}<'ll, (II) 

I 

(Ir, the gioiip (' 1 ( 2(111 reiiianiiiiir as shoxxii in (i), the Mraight 

t 

rarlHiii cliniii, rilj(.'llj('tr, In- n|>lit<'i'il liv (In- liinni-liini; 
Hj-tiMii |.|J'' ('ll-, ^’iviiii; Isobutyl alcohol, 

(dll,), UH Oil, (HI (III) 

Finally, tin- ntraiglit i-liaiii nlioun ill rnniiula (ii), ('ll, dJI, I'll 

* C'H ^ 

can Im liki-uiso n-iiliiri-il hy (In.- brain-liiiig nyhti'iii ' 0^ , giving 

( (Ij 

the ti-rliary butyl alcnlinl, trimethyl carbinol. 

(C'H,),0(lH (iv) 

These, tlien, are tho fomiulie of the four |iaeMlile butyl aliohnl- 

I 2 



AICOHOL 


OlUf, 


!1« 

In the Rani(* way. it ean bo abown that eight difforeot amyl 
aleohoU nre theoretically pusiible, and all aro known. The 
following table givcR [articulars of the ulcuhtdH abovo referred to, 
and further doocnplions of tho higher mcmbora aro inoludod in a 
tiiibw;r{ueiit chapter > • 


XaiiiP 

Formula 

Bp. 

Mp f(r at 
20 ‘1" 

Hstbyl alcohol 

(di, oir. 

till' 

1) 7fHI 

Ethyl alcohol 

Propyl alcohols, 

(‘.HyOH • 


7h:i 

0 imrt 

Normal propPl 


<t7 t 

t) HOtt 

ltiopm|wl , 

Botyl alcMols. 

('1I,('1{(()H)()M, 

K27 

0 7HH7 

OgH.dll - 
Noi'iiuil pnnuiry 

('H,((‘H,), ('H,l)ll 
('llq(!il,(M!(OM)('M, 

lltiH 

U HO'lp 

„ HiM'Oiidniy 

!MI 

(> HJ7 

(solmtyl , 
Tninotliyl nirbmol 

. ((;H,),(:a(’ii,(ni 

itm t 

0 WiJU 

(C1I|), (M)J[. 

h;i n 

0 778K 


(ni p. 2r> n) lit .‘to 


Amrl alsobott. 

- 

N'onnAt piinmiy 
iHobiilyl eArliiitnl 
StHMHKUiry butyl curh 
mol . . 

Mothyl propyl rarh 
mol 

MotliyliHopropjli'iirh- 

mot 

neOliyl iiirluiiol 
l)iniolli}l otliyl null 
mol 

Toitiary butyl nub 
mol 


(‘11(011) (’ll, 

((i[,),(‘II('ll(OH)(’ll, 

(V(,(ii(oii)(',H, 

(('if,),t*(()ii)(‘,ii, 

(('ll,},C('ll,01f 


i:t7 

IIKlItH 

1.11 4 

UKIOt 

I2S7 

UKlIi 

IlS.'i 

» !l2lii( 11 

ii:ri 

1) m „ 

mi .7 

t)M:i2 „ 

11)2 .'I 

0 *(27 „ 

112 

(III p 4H :•») 

t»H)2 


General methods for preparing^ alcohols. 

Alniliols ari< produrnl in vnriouii chrmual rcactionH, tlir n{ 
vvhii'li AH' diwnlK'iI lirlow U will, of cuunc, bo miiliTHtoiHl that 
thtw nii'tliialH arc adiliicrd, prinianly, as rxoiu]>lif}Ui)' the clicniical 
attributes of aleoliols (tenerally, not as processes for the eonnnercial 
preparation of tbo inrticular alcohol cinployisl as illustration 

(I) When an alkyl iodide {e.g, ethyl iodide) is brought into 
euntaet with freshly-precipitated, moist siWer oxide, tho substances 
react, producing an atcohot and silver iodide 

0,H,I -t- AgOH = C,H, OH |- Agl. 

Here the silver oxide and tho water present together rract like 
silver hydroxide, as shown in the equation. 

A simitar conversion is elTwtisI by healing tho,alkyl iodide with 
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UnuI oxiili* or rinv oxido and water, and rvon mOi of natiT 
aloiit> iit KKI Or the iodide iiim\ iitht lx* eoii\eiled into the eorrt*- 
H))oiidiiig Acetate (ethyl acctat4i in the examide given) hy lii'iiting 
it with iiotASaium aeuUte 

cyijl t (IIl3rO,K = OH, (.*(),(',»* t Kl. 

Kiliyl nr<>liilt> 

(Kthyl ttMic t>D(i'r) 

On then livdioUniiig llio ester hy Ixtiliiig it with a Holutimi of 
Hodniin hydroxide, it w lrun>foriiie<l into the nhohol and noilium 
lU*<d(lt4‘ 

CH.COjtyi. I NuOH (’HjOOgNii | ('JJsOll 

To clTMt thih hvdiolvHis, the etlivl Aietate is Imiled*willi iin 
ixM*.- of mnIiiiiii Ilvdroxide Mdulion in a IhiHk eoiimrted with a 
ii'lliix roiidriisiT iinld the (oiiversioii ih eoNi|iIete, ns hliowii hy the 
eveiilil.il dls.i|i|N>iiriinee of the imdissolvifl ]iortioil of the lieetate 
Till' londeiiMT 1*4 then n'versed, unil the resulting iileohol dintilled 
oir 

(2) i\ii isseiitiiilh sitiiiliii reaetiofi to the fon'goiiig is one hv 
whiih elhvi nhohol tail hi* ohliuned from etlivl Hiiljihune neid, 
(\li,ll.sti| (In distilling this ueid with water, it yields tileohol 
and Milphiirie aenl 

so. 1-11,0 so/'JIII I (Vlj-Oll 

Till'’ n'.irtKiii In of loitli (lii-ori'liriil iiii|ioiiitii<i' ami liiiitoiii'iil 
lllllll''•l l';tli'il siil|ilmrif uciil (Hiil|iliovitiic nciil. liyilio|;cii clliil 
'«il|iliiiti'| can III' (ililaiiiiil li\ llii’ iiitmctioii of I’tlijli'iir mill 
huliilniiic ai’iil, anil I’lliOciii’ iIm'II ih olitnmalilc fniiii nictili'iir. 
uliiili ui turn ran lir auillicaiM'il fnini ita rli’niiiilH I'arlioii anil 
liMlroin'ii niiih llii’ MTii'a of rractioiiH foriiw a iiii'IIiihI ulii'ii'liy 
alioliol itn'If I an la' Hynthi'siHcil TIiih ini'llioil, in fiu'l, viih tin' 
oiii- by uliii-li. Marini)! mth I'lliylciii', alcohol aaa liral aynlJiclically 
linKliircd (lli’nni-ll, 1828; and kitcr, by Urrlliclot, 1894) 

OlhiT iinaaturatcd hydrocarlmns Iwaidra ctliylcnr (r g., ]in>|iylcni’) 
funiHli the com.'H|ionding Hulphalra and alcoliola in a ainiilar 
manner Soiim (eg, iHobntylene) are even diHHulved by dilute 
uitrir acid, and yield the curraapunding alcohnla on alimirbing the 
clcmrnta of water. ' 

(3) . Primary aminea, when tri'atcil with nitrone acid, yield 
alcohnla, with olimination of mtrogen- 

C,H, NH, + HfJO, = C,H, OH 4 N, 4 H/J 

Ktliylaniina. litlqrl akoliul. 



AlA^UHUli 


mp. 


A coiivi'iiKiit of sliowing thiH ri'action Ih t<» diiitil a 

Holiiliun r>f olliyianiinr li>(lr<W‘liloi'i( 1 <> with )>otaKei2Uin nitrite, Tiliich 
mipphes (he intioiis ackI by iidrradion Avith the li(,1 of the ethyl- 
amine Halt. 

( 4 ), Aldehydes, ncid chlorideH, and neid anhydrides may ho 
redueetl by wmIiiiiii, sodium anmlgam, iron lilingA, nr zinc dust, 
('inployi'd uilli dilu(i‘ Hiitphiiric aeui or aeeiie acid, and yield the 
eorresjKinding alenhols -- 

(a) (VI5OIIO-I ll„ (MljUlIjit^rijOll 

alilf'liyilt Piopyl iilrciliul, 

* (ft) I-2M, -(’11,011^011 I-IKJI 

(■\<< tyl I liloiiili, I'iltiyl tili'oliol 

• (0 (cy!,())/»-I CJlsOK |-0n,(H)OM 

A(H‘fir iiiiliyiliKlo iilnihol An'ltrmid 


Tlieoielieally, DiU n^aelioii is iinporlant c'ls one of (he s(ei>s by 
wliieli we ean ‘‘ascend (he senes*' of alcoliols, {Missinc from one 
alcohol (o anollier contaiiiim' mon^ carlxm afoiris 
'rims starting uilh methyl ah'ohol, by mtiiig ii|Kin it uith 
phosphorus and KKliiie we ohtaiii methyl Kslide 'I'his luMted 
with polasHiiiin cyanide givi*s methyl cyanide, winch on hydnilysis 
yields nMie acid lly means of jiho^phoiiis ihlondc or oxy¬ 
chloride, aeetie neid <‘an be convertcMl into acct^l chloride, wbii'h, 
icdiiced us sliow'ii in eijiiation (ft) iiho\e. gi\cs ethyl alcohol 
Siiinlurly. cdhyl alcohol itM'lf c*an lie tianvloimed into piopyl 
alc'ohol, and so on 'I'lio fon'gomg senes of rc'iictions may hu 
summansiHl thus - 


(.MfnOlt 
XL tint 
iilrehnl. 


('Hal 

IO(il«{< . 

(UlaClK'l 

AnSyl chliiiitL' 


- niaCN 

cymuiL* 


('ll,('(H)II 

At'iSic 

iind 


Oils on, on 

Kthyl alccdiol 


Wliilhl the nlilclivdi-H. neid chloriilp'), anil anhydiiili’s (jne jnimanj 
.iIcoIkiIh win-ii nilui'iil as aliovo. till' n'dnotiini li Iii-lnni". jidds 
aifnadiiii/alniliiila, tnp'lhcr «ith d»-fidmri/akailioKnr “ pinaionca.” 
Thus uhcii ni'i’toiif is n'diitnl with hikIiuiii ani.t1);aiii the I'liicf 
|ifinIii('I is isii|ini]n I alcohol, hut jiiiiacniip ia also prodnci'd .— 


Artdoiux Isopropyl alcK^iiol 

rinncsiiie. 

The piimcone is a solid (111 p. ii”, iis the m-stalliscd hydrate). 
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(o) 8(H‘uiifiar\ uK'dIidIm nn* alsi> li\ i (inverting [Mily- 

liydih' .ili'oliois (( (j , uKiriol) till' itKlitirs wiOi ])lH)s|)|ionis and 
iiNlim*. lh(‘ Ih'Iih; tlu'ii itaii}»foim(‘d min Oh* aicnhni nh m 

riMctinii (1), nutf - 


(’If, (HI 

j 

(Ml, 

('If (III 

. CHI 

.. (’ll (Ilf 

1 

('If (III 

('ll. 

I'll. 

I.I.Mlnl, 

|'.i>|i|it|ivl liiitl.l. 

1 ] h|( ■•Ii'iI 


Tor Oil HN||tl< |>linv|i||n|||s III Oil* piofNir 

tinii Ilf LM.iMiH, .Mill mmIiiii NO irraiDK. .ill* iiMil liir llM) m.iiiiii nf 
nnliMliniis i*1>iMiil lilt* |iliM«.|i||iiiiis III mi* .iilriul uiaiiiiiilly fo On* 
iitlii*! iii'/imIk iiN. aiiil 0)1 misOiii* i1i>1iIIm1 in a slow iiirn>))t of 
I .irlioll ilinMili* lias U 111 ) half thi* ui ii'ht nl iniliiii iiilil l)Hn];;^i'llim 
)il)i»l»lin)ii'* Oh* '•aim* wjmmIioii mi'IiN <II\I loiltili* iH Oh* mam 
proihii'l Mfi'iiialiviI) Oh* ‘.'ImiihI mii\ Ih* ilihi1i>il A\i(h nn 
ii|tial \nliinii* Ilf w itii .Hill iliMiliiil Mill) laO tfiani'* nf loiiiiin luui 
irraiiM nf M'lloM |ihi>'>|ihniii-«. aiMi'ii LMaitinlty. TIh* liiat iNiilinn 
nf till* i|i>l|llal«* I'l irllinml tn till* li'tnlt llliil h* illstilliil AdllllM'd 
alls I indid*' iiiav lx M ninM*d fimti Oh* i''n|iin]i\l mdidi l»y (ri'aiing 
till* )iii\m1 hmIhIm miOi hMlnnilir .hid 
(t>, Tun nnlalilr '•\htii«lii m<'tliniN nl nlitaiDinti >(siindaiy and 
; alinlinls am axailaMi* di|Hi)d)tiLr iiimii tlm UHf* id alk\) 

i'niH|)n|iniK nf /iiii* and inaLMli-llliii ir'.)ii < (l\i I\ Till* IiIkI Ullri 
oriLOnally di SI rilM*d liS Ilu0i*niu'flKlil) |1\ ninaiis nf/. iih* iiii Oiyl 
and /.me <*tli\l ailinu' no On* and ihlnridis, ferOory .ileidmla nn* 
priNliirt'd , MiOi .ildi'linli*- nr uiOi islim nf fnrmH’ mid iii>ti*ad of 
and ihlniidiH. secondary ali'olmK msidi 
Takt*, fnr I vaiii))lr. llii* s^ritlifsH nf Inliiin liiil>I almhnl bv 
KuUrmu's riiitliiMl .\i*i‘t\l ililmidi*. OHjCOCl, drii[))H*d hlnuly 
into Mi'll ciMdifl 71111* iiieOi\l Till* miNtnn* i-* allnuid In hlaiid Ivn 
nr Oini* da\s m Oif* mid mdil thi* ulintr lla^ biinmi* ('rystalliiii*, 
uhnn it Is diroiniMMil bv addiim ualn' uildim; Oh* r<*i|iim‘d 
alcolml Then* an* Oin i* sUilh's in the n'lu 1 loii Kiist, me* innieeule 
of the rine meOivl I'nnihmoi uith one innlrode nf the ehloride to* 
form nn additive prodiut - 

• XO, 

(^ir,(J0(’l ■ Zn(<:n ,)2 ■ (‘Oaf' OZnCllj. 

f’l 

if 0)1*4 pifxluet Is dmimiMMed by adding Mat<*r at thin atupe, it 
yields u(*ctniie, not an aleohol. But if ft M'l'ond inoleeule of sino 
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Ammoh 


CHAT. 


i>K'lli\l IH <illiiuiil 111 ri'iu’t willi till- nru roiiijHiund, it (nnilually 
ri'iilari'H tile I'l iitniii witli a ( 11 j-)>riiu|i, giving tin- irvhtullino 

/•II, 

('iiMi|ii>iinit fllljC OZndllj 
‘I'll, 

On non (n'atiiig till' |inKlui‘t uilli niitiT. it w ilii'iiiiipiisi'il, thr 
liTliiirv iilroliiil iM'iiig |>nHliir(iil, logi'tluT with zuic Iijilnmiilr and 
iiii'lliiini'' 4 

/•II, /I'll, 

OItjl/OZiiCIlj I 2H,t) -('II,coil I Zii(OII), ) CH, 
('ll, '(’II, 

4 Tirlmry liiil>l nlfoliiil 

At llir M'liiiid Mlagi' It in iHihnilili' to «'iii|il<iy n ildlcri'iit '/.liir 
idkyl Fur ^111111111'. /IIIC I'lli.ll iiinti'iid nf 7.1111' iiii‘t)i\l 'I'lic Cl 
iitiiiii Hiiiilil (Ill'll In' ii'|iliii'i'd liy II C,il ,-griiii|i, null llii' liiinl iinnlui't 
wiiidil In' till' (iTliiiiy iimi/l uIihiIiiiI. (('ll,), ('(Oil) (‘, 11 , if, 
diini'tliyl I'llivl I'lirliiiiiil 

IF, liiiwi'ViT. iildi'liydi'nnrr inn'll inntinil of ifi'iil I'liloriili'n, mimilury 
nli'iilioln iVHiill,' 


('ll,,Clio I Zii((',ll,), 


-ClljCII 


\()Zii(',ll, 


Aililltlii' pintlin'l 


l>i'i'i>iil|ni'n'il ultli iiatiT, tlnn |iriidili'l vii'Idn M'l'iiiiiliiri liiiOl 
iilinliol, ClljCII logi'diiT mill r.iiic liidniMili' mill I'lliili'iii' 

An iiln'miy iiii'iitioiii'd, m'l'iiiiilnry iili'oliiiln nn' iilmi iilitaiiii'd liy 
lining (iirinii' iirid I'ntom uilli zinr nlkvln Till' n'urtiiinn nrc qiiKi' 
niiniliir (0 tin' liin'ginng. an adilitivi' piinlui't oF thi' ziiii' alk\l 
uilli dll' cnti'r lii'ing Inrnii'il, nliirli Mi'ldn till' nliolinl on din oin|niM- 
lioii uitli natiT Wlii'n r.iiii' iiii'tli,\l, for iiintaiiin>, nmi'ln nidi 
t'lliyl Forniati', tuo ini'(li,vl griiu|in an- rvi'iitiiully iiiinniiii'i'd, and 
ino|ini|iyl iili'oliol iilitiiini'il 

O .OZiiCH, 

tlC\ n lie. (Ill, 

•OC.II, N»C,II, 

Klli,vl foiniiili' 111 luJitiiiM' iitinluul 

(tziicii, ,011 

ll('( 0 H, , - Iic(cil, 

\:il, N'li, 

2 nrl Mldituo Jwtprqivl 

{irtHluel «U*olio 1 

Iiinti'ml of the zinr alkyl, a mixture of alkyl iinlidi' and mHallic 
ziiii' ran W cniiiluycd. liy lining diffrri'ut alkyl iodidca or dilirrent 
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Eiiu.' ulkvirt ill (Ilf lirst iiml mhiuuI Hla^'K. ililTfmil A]k\I i'hii 

\h* iiitiYMliiii'd, Hiid iliffcmit alctilioln olilaiiMHl ns tlio ri'suliiiif' 
])r(HlUf(h 

It mil Ik* Mi'll tliiil all tlii'Kf i>vii(hm>rt h\ iihuiiH of niiu* alk>lH 
df|N*ii(( ii|Miii (Im* frift (lint tlu* doiilily>lii)k<*(l ntoiii in (lif 

ami <lili»ri<if, uklfliyHf, iukI fN(4'r» rrhjMi'livfly, Ikhdiiiok Miif^y* 
liiikiil, livit)) ovfiitiml fnriiifllioTi of tin* uli'oholif llyl^o^yl K^^Kip 
(7) Secondary iind tertiary iilroliolH nro Iiomomt, iiion* foii- 
vfiiii'iitly ohtiiiiiod in many iiiMlam'i'H liy (lu* iim* of (IripinnrH 
This II pM'iNiml hy nildiiiK inaj;i)fKhiiii tiiniiiipi (o an 
('tlifri'al boliilioii of an ulk\l icNlak* or hniniidf, oni* nioloi'iilo of 
till* iilk\l t‘oiii|ioiiii<l Ih'iiii; iisdi for (*afii atom cif iiiapiehiiiin Tlio 
iiifttil foiiiii (I I'lKiiliinatioii mth tlio alkU lialido and dii*Milv<'H in 
till* rtlirr TIiiik uith lodiilo no oldain an otluTual Miliition 
of C*jllyM|!l. rtli\l inaistiiMiini lodido 
Till'* ii'«M (s mill .ildi‘li\dfi« and krtoniM lo foiin iuldi(i\f prfNliiHH, 
nlihli aif dniKiiiioyfl on tn‘a(MUii( \iilli mdor, \ifldiii^ wrondary 
and (iTtiarv al<‘oli*ils n‘i|Ni’(iV('ly TliU'* mth an'lalddiydo: ■■ 

(’II.CHO ( ClliCII; 

V al'4 

\l«l< \<liliO\('jinMliifl 

And on di'(oiii|H)MnK uUli uator 

JCIIjCII , i Jll/) 2('ll,(;il((lll)(VI,! Mi!l, I MulOII), 

■Sf'riuMlaiy niroliol 

In prarth'f. lOidiliiii »Alfr is iimkI . (Ida dUsoivos (ho inaKiii'siuiii 
h,’idroxid>’ |iiorliJn'd. 

iSiiinlarly. hy iisiiiL' iiictlixl niafriifsiuin KHlido and lO’ctoiic m> cun 
ohtam the tertiary hut)il ah oho), (riincih.xl earhiiiol * 

Au'tnin AtMUiic pruliAi 

And mth uator — 

I 2|V>- 2(0H,),C(()J1) l MkI, I Mb(OH). 

IVtiiicIliy) earlanfi). 

In an anah^otia inannf*r, fat^iw react uitii tHv iiioIc<‘u1om of the 
magnesium alkyl halide to form, in general, tertiary alcobola 
Formic acid eatcrat hua’cver, yield secondary alcohols. 
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Conversion of primary alcohols into secondary 
and tertiary alcohols. -On (lisiilliUKin with dFliydmting 
oguntH, r, g, Kulpliurin ni'id nr zinc clilnridc, tnimary ulroliolii have 
llic I'lninrntii of wiiU-r ri'inovcd and yield unaaluralrd hydro- 
I'arbuiui: - 

('(rjOHjOir^oir - if/i -■ oHjCiiioHj 

J*l (ip) I hIciiIuiI I'nipyli-iii- 

(III In-itting (ho hydriK-urhiiii with cnin-i'utratpd hydriiidiu arid, 
dll' Kidini' atniii iitliU'hi'M itwif In the earlioii liuring leiihl hydmgeii, 
fiiniiiiig a M'l'iiiidary ioiiide 

•(!ir,ni('ll, I-HI (!H,('III()II, 

* riopyleiie Istipiopvl tiiiliil" 

Will'll (he iiHlide m In'aled uilh iiini'it silver o\ide. die indiiie 
iilniii H Ii'iiliiei'd liy ii h,Mlm \0 poiip aeenrdiiii; to die j'liiei.d 
iiii'diiiil (I), alnive. tliiiH yielding a secondary alcohol 


dll,CHI ('ll, I AgOII .CH,dll(()H)('H, -| .\gl 
IsOpii'p,] ul<'ii)ii)| 

If, iiislend of h(.irliiig with |iin|i\l nlenliol. ne h.id liikeii isnluilyl 
iilenlinl, uhieh eimliiiiis (he |iiiiiiiliy ginii|i ('11,(111 iiiiiled (n a 

MH-iindiiry radiciil J,!!' '('11 , (lin re.siil(ing |iiiKliie( umild have 

bn'u a terUary alcohol,— 


®!!'\!Hdll,()ll 

I M 3 

Isubiil \ 1 ntculiul 


«• * **■' (I ('ll 
CH,/ 

li9tlhllt>l<>lU' 
*'l*s\(i| (.11 

diiy ' * '*» 

'LVilmit butyl 
iik 1 i<*c 


’lVr(iikr,\ but\l 
nlcoliiil 


Distinction of primary, secondary, and tertiary 
alcohols from one another. -(I) Tf the nieiihnia are 
dialiHcd with phoaphnriis and iodine, the eorrra|ioiidiiig iixlidea 
are fonned:— 

30,11,(111 H‘ I r, = 3C,H,1 1- 

ukI^Ic 

The halides, on heating with silref nitrite, are converted into 
the nitroso-derivatives i — 


C,H.I -t- AgNO, = 0,H,NO, + Agl, 

Kitroetliane 
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Now the pfimartf iiitio wlirn iinxiHl «i(h 

tiitnU> in strong jiota^Minn liviiralo Milutiun uue a <iiyp ti*i] (‘uloiir 
on tlio adciihon of atioii^ sulplmrir add TIu* nomhnf nitro' 
<‘OiniKmnd'» invo a d.iik l»lm‘ (’oloiir, and (hr ttrtunff urid iiu roloiir 
Hriirr Iht'sc n'urlioiis mt\o to distinpiisli thr (hnn) rlnhaoN of 
alrohoN 

(2) Wlu'ii tho of (hr .dcoliols jh omt liiirl) divided 

ropprr h<.it(‘d lo ‘tIH)', puni'Sfif ah'oliols iin» dtToitijKtsrd iiiin 
liYdn>{!<Mi and .dilr|i\d<N ittfiuithitf aliohoK kivo liNdroKiii and 
IvctoiKH. .mt( Uihnui ali'olioK Mcld uatd' and iiiwiliiratrd li\dro- 
i.iilion^ * 

Tlir ajiparatiJs (‘tnplioni foj this rra<ti<m lnn^»ls of a hnnl 
olass (iilicahoiit 2S in< )irs loin;and J an iivdi m di.iinrtt r, (Oiitaiiiun* 
.1 l.iMT )>f tinrh dixidni iop|)«*r 21 indirs ]nn^ The iop|N‘r in 
ptr|Nin'd (loin poudi'inl roppi’i iiMilr hy ri'diiition III a tiirii'lit 
of dr\ ]i\dn»Ki'ii at IKM)' To oih' rlld «>t tlir tula* in attarhi'd n 
lN‘iit t.ipilUn to tin MNlicul ihirt of mIiiiIi IivinI Iin tiicans of 
a (Milk a parr of [fhihs tiihiiiL'ahoiit .1 iikIiin Ion;; and \ an inch in 
diainctM Till* otli(‘r end of the li.iid iil.iss IuIn' in coniUMtcd nilh 
.( n'(M'i\i'i uliiili i>(ooIi’(i h\ .1 inixtiiHMil i«(‘ and halt A h|ain‘ 
of f nr *1 in< Ill's n('\f (he i.ipiltaiv is kept foe fioiii copper. m> that 
the all olinl Ill'll he \iipoi|srd liefoie (niiiiin; into (oiitail Kith the 
ini'Iv di\111'd iiiital To leoiilate the teinjiciatiiie, it ih found 
onxeniiiii to iisf H e>iiiiiliii.d all kith ahoiit 2ti iinheh in length, 
aith tuo sin.ill holes on the top .ihoiit 12 iiieiies apart. (iirr^Mii;; 
t iio (liennoineteih 

Ulieii tile (iiIh' has fillaitieil a teni|Nlatiiie of 3t)(t*^, a hinull 
'lii'iiiliti (2 or 3 e c ) of the ah oho) to he e\aiiiiiied ih jioiinM) into 
(he slioil, iiide (iihe lonneeted Kith the eapillaiv. lhtoii;;h Khieh 
(111* Inpiid sIokU lloKs into the heated tiihe and is %n|NirimNl The 
r.i|HMir. uJiieh eoiitairis some nnalteied nholiol. ciairleii'ies in th(‘ 
(ooh*(l receiver To a few drojih of (his dihtillali' a aoliition of 
i]iat;i'ii(n. deeoloii'ied by milphiir dioM'le. ih added when a red 
(Miloratioii tiidiiates the preseiMM* of an alrlehydi* and hhouH (hat 
the nliohol is n priiiiarN one If no red eohair ap]N*uni. a Holniion, 
(oiitainirn; 1 p’nin of KMniearbnride and I ffratn of potoHNiuin 
a((‘tate lo d ec. of natiT. is added to a second portion of the 
diatilUto A white pnM'i]iitat<' fornnsl at oiki. or only after Rome 
time, Hhows the fin'iamci' of a ketone Finally, an unsaturatisl 
li>'dr<K‘arli(m can be delected by its power of doeoloriNing bromine 

(3) Another general method for diaiinguishing lietwccn the three 

* SnliHli'-rAti'l ri’iib, JiuU AV IW’i,33, SHS.niidG. B. Heave, 

AtuUjfnt, 13u9. 31 3(1 
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rluHW'S of nIniliolK in ntTonlcil liy oxiilution PrinuDij aluoliuls 
whrn oxicliwd yii-ld tirst llic cormjMmding aUrhyilt, tno atoms of 
hydniKi'ii Ixani; n-niorisl fniin the fotiup Ivaving tlio 

flianirU'rixUc' akli-liydc group -CIIO; then by further oxidation 

this is uonvertisl into the earbuxyl group, Un* eliiirneter- 

islie group of organic oeids Siamlurg alnduils give hUmtn on 
oxidation, two hydrogen atoms Ix-ing removed from the group 

of tl'o ketone group -Cl) Tcrlinry 


ideohols when oxidised do not give the eorres|xiiidmg acids, akle- 
livdes, or ketiNies, hut are ilr(H)in|X)scd, villi the pnxiuetion ot acids 
liariiig ivsinallcr numlxT of eurlxm atoms than were present in tlie 
original uhsihols 

As oxidising agents, polnssiuin ehniiiiale or dielironiate vitli 
siilphurie acid art' cm]iloyisl; or potiissinin isTiiianganate in iieid 
or in alkaline solution; or hydrogen jieroxide in aeitl solution, 
iieeimling to eirrumstanees 

(4) Aeeording to an ohservation of ]< Waeker,' |iriinnry ahohols 
may he distinguished from seeontlary and tertiary aliohols hy the 
strong red eoloration wliieh the primary (ximiKiiiiiils give uitli 
phenylliydraxinc snlphome arid 

Centinorinal suliitiona of the oleohols are |iie|uinsl, and 1(1 or 
211 ee of eaeli are diluted to KKI re with water in a eylinder A 
solution of phenylhydraxine siilplionie acid in dilute sixliiini 
hydroxide is prciainxl, eontaining 0 4 gram ol the aeiil gx r e <■ , 
this solution sliixild Ix' nsed i(iiila fresh One e e is aildeil to eiieh 
eylinder, followisl immediately hy 2,'i ec of sodiiini hytiroxide 
solution (.13 [XT cent), and the rylinilers are shaken every liltwii 
minutes diiniig the lint two to tliree hoiin to dev rlop tlie coloration 
The colours ore best rain|ianxl after seven to riglit hours A 
“ blank " lest with water is made at the same time Only the 
pniimry aleohols show intense colorations, the others will lx- found 
to diller but litllu from the “ blank '' 

General properties of the alcohols. -Whilst the 
alcohols, as already stated, are neutral Ixxlies, they have xomo 
reseinhlanee to bases on the one hand, and to acids on the other 
Thus they react with acids to form MlerS| or ethereal salts, e.g, 
0'K0|, ethyl nitrate; also the alkali metals react with the ' 
alcohols, giving the alooholatei, for example C^HtONa, smlinm 
alcoholato or ethylate. In the first ease, the hydrogen atom of 


> liir., 1000, 42, 2074; AM. Amlytt, 1000, 34. 410. 
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tlw OH-gwmp hA4 Wn n'plaiiHl h\ an iu*ul nulioal, in tin* Hn'nnd 
by a metal. 

The ()H'(pt>U]> itself ran be re|ilueinl by Jiiibi^eiiH, ninst reaihU 
by iisinf; tlii> hiilnf;eit c<>rn(H>uii(|ti uf ]i1ii)H|)liorus 

OK -I- \K% c.iva i- i- im 

In the ease of tin* itKlules, phiihpliorus nnil Kidiiie eiin Is* used 
instead of the ]ihnMpb(»niK iiN]i<le, as aln*ad) slioun in eonneetioii 
nith the dislinetion of thi* ])iiiimry, M‘eondar\, niid tertiary ideuhttls 
fioin (ine nnnlher 

The boiliiif; pnints nf the iinrinul ideohnlh inereRhc> re^nbiily nith 


the iiicn-iiw of flii- iniili'culiir 

weights, the dilTcnmcc for eiiih 

incnincnt of (*H, in the fonimlii Isiiig alMHil 2d 
cthvl alcohol upwanls 

tti we t«iw« from 

N'lOtir. 

Fttmmls 

It,. 

Mcllnl al( iihiil 

('11,011 

la. 

K(h\l 

t'jll, OH 

7H 

Piopvl 

(',11.011 

'17 

HiiUl 

I'lll.Olt 

117 

Amyl „ 

<',H„0|| 

1 7 

Hexyl 

('dt,«tMI 

1.07 


The pritniir} ii]<'<iIkiN ImuI nt a liinlicr teni|N'raliiie than the 
heniiifi.irt alcohols that are hoiiicih ^iitli (lain Siindnrly, the 
huier have hittber boiliiiu ]M»ints ihaii their terlmr) wmiendes 
(I'A , |itniiai\ liut>l ah'obol, bp 1)7 , H*eomlur\ butvl nhHiliol, 
lip JtNI'. teiliar;i but}l alcohol, I) p 8'l ) 

As rettuidN obvious pro|NTties, the lower uIcoIioIh, from methyl 
to butvl, an* mobile lu|iiids the lidcrmedMle iiieinlHTh ari' of a 
moi'e VI.HC 011 H, oilv (harat Ut (fiiscl'' oil '), and tlie higher ah'ohols 
eoiitaiiiiiiir twelve carbon atoms and iipvvanis, an* hiIuIh at Die 
onlinary teni|MTatiire (dishratvl alcohol, ('j^n,|^Oll, iiicUh at 
24") Tp to nn<l iiirlmhnt; the pnqivl alcohols, the) are niiKfibli* 
uith water in all pmimrtions The hutv) alcohols are (inly juitly 
tniscdile with water, and from the am>l iiieiidierH njiwards the 
Holubility tliminishes rapidly. All tiie alcohols am eoloiirlesH or 
ili^htly \ellow , the lower membeiN have a ehamcteristic Hpirituous 
smell, the iiitermediato ones are unplcaMint, and tlie solid alcohols 
an* fsloiirless and tahleiesH Tlmy an* all li(thter than water The 
higher alcohols di*(‘oin]siM‘, im distillation, into water and hydro¬ 
carbons. 
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Methyl alcohol (Mt‘ih.inol).(,*ll 3 on.Molecular Weight :\2 (i:t 

• TIm* (ilitniiiHl distilling \t<i<)d was sJioun h\ Ibnli' in 
(hr iSct'ptnul (Jhifmmt, iih fnr liAik :ih Die M‘\riitri'iitli rriitiir\, 1o 
roiiliiiii holh nn and constitiirnl and a luailial, iiiflanitnablf' lHid\ 
I'liia unit nil lh|uid could b<‘ w'jianilnl from tli(‘ ]>\ r<»ligncoii'4 acid 
by distillation over burnt coralH From ita nrutrul or * iiulifTt'n'id * 
cbanictiT, Ito^lr (rniM'd it " nthuphmmii x/iod." lii tbi* cail\ 
|Nirl of thr iiiiu'trcnth (‘cnlur;i various clirniists investigated this 
H|)irit, and .shovinl that it dilb'n'd fmiii ordiiiarv alcohol, iiiasinuth 
as it did not )icld aul|)hiiMc'* ether (clh\l cthri) when hnilisl 
with Hul|»huric acid (Tavlor, 1812; M.nmic and Marcct, lS2t, 
(imrim. 182!), Lichig, 1822) Thr ii.uiir "mrthvl alrohul'' vius 
gtvrii to thr com|M)iiud hy Ihimaa and JVligot, uho in J82i inadr 
the (irat ran^ful Htudv of it, and (loiiilnl nut thr aniih^'V rvKling 
hrlucsMi It and onlinar} alcohol^ 

Occurrence in nature. Mrth>l alcohol m fouml m 

II large iminlvr of plants, chirlly as iiirlli\l cstris, ctj, jiu'thvl 
Kalir}lato, anthranihilr, and cmtiainatr, vvhirh are runstitunits of 
vanotis I'SMsittal oils Notably, iiirtli,>I Milic;vlalr (n'cuih ns the 
glurosidr giuil|hriiii in oil of vvintrigri'rn fnan (Utullhnia jno- 
n/iii/x'iM, and in tlio lairk of (lie sviri't bitch, lielula hnta. Mcthvl 
aiitliranilatr is inr.srnt m oil of nrroli, oil of orange, oil of jasmine, 
oil of gurdniia, anil oil of IxTgainot Mcth>l ciniiaiiiutr is found in 
(hr oil ohlainrd fnnii .•Ifjuam mahtccensiH, and m Martara oil, 
pnibabl} from the seeds of hixsics of Xauthoiiflum ] \ihilst mrthU 
bemioatc orriirH in oil of clovtsi and in jlang-ylang oil 

Production.- For wmmercial purpoM's mrth>l alcohol is 
ubtained chiefly from thr products of vtKxl'vhich has been sub- 
initfpd to dry distillation, or treated Mith hot prtKluccr-gas Almost 
uuy hard uood may he omploynl for the distillation. The specKsi 
gcncrany used an* iHHH'h, hirrii, inajile, oak, and thorn: in this 

1 dan. Vhtfin Vhiftt, isaS. fiS, A, ls3(i, 61, m. 
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coniitry, ll*e thorn ib n*;;ar(](Hl ns ont* of tin* be^t for the piirjioHc, 
tlKHiL'l) it M not always ubtiiinalilo in Hullirieiil quantity Vmasho, 
a bN-{>n)«lu<‘t of sii^.ir maiiulariuro. h also a s(»ur<'e of motli}! 

nli'oliol 

A wtKKi-iiistilliin; of I'oiiMilmblir inu^iitiidv Ima Uvn 

ilrvi'hqH'd LI) tin* riiitod Stall--* 111 (’annda. und Ansiridin nlwo, 
tho industry is a mowiti<( orir , and an iin|K)rtuii( qiinntdy of wood 
spiiil, niTionritini; in l'.M)7 K to nlioiit (i^ iiiilhoii kiloa, ih produml 
111 Ausliu-lliiimiiiv and (iiTtiianx In thih i‘nuntry llio indiiHtry 
is on a hinatliT srido 

[ii tho riiilisl Slates the wood iiM-d is thoioii^hlv bOiiHoned for 
one or (wo mmis I’Mialli il is diM‘s(«>d of its lNirk.*and eiit into 
oOinth leiinths TJii diMiinlnr distillalion is rnrriisfr iiiit in 
Imp-iron retort sat a triii|H-iAliin'of IIH) |o.'>(KI"K (2tM'*to2tiU'(’) 
Tliisf^ retorta an* iiMialli iiinde of stnd, and an* proM'ded with 
oiiltit tiilN‘s aiioiit lo inelies in diameter The rctortn are at^t in 
pails 111 tail kwork and lmtterie> of from 2 to 2ii ]mirs im> eommoii. 
The wood is fell ihroii^di the door, and eurefiilK Mueked mi as 
iom|)le(i |\ to fill till letoit, or in home lasch (he wood ia loaded 
into s(c*el ears and these run into the ridoit In the laiger workn, 
the K toils aie «onsliueted of hiitk, .Hid art‘ of r»0 eoiilh eiqwtlty 
Thi \ are pioiided witli hea\\ non diNirs, whieh are tightly elomal 
aftei the ihaigiiig is lompleled, and the letoits are then heated 
horn below with hmiiing wisid, eoal, or ehari'oid, supplemenled by 
far oil and gah obtained as b\-pr(Mlii<'ls of the induhtr\ Natural 
gas Is also iisisl as the luel in Mime lases 

The gaM-ouH ]>i)diuts of (he distillation me pasM-d Ihmiigb 
( indc'iisiss An\ g.ises not londejiMd arc n‘tiirii<Hj and Uiiiifsl 
iiiidei tb(' ndorth 

The condensed prodiuth an* run into tanks, in winch (lie tar 
settles out; whilst the '* p>roligneoij.s arid," lontaining aeetu: aeid. 
inetinl aholiol, aeetoiie fdl\l alcohol. et<‘, forms the ii])|ier luyiT 
The pyroligneous mid is a dark nsl-browii li<{iiid with a |M‘(nbar 
emp\ieuiiialic odour, it is umsI to a hniiUsl evleiit in making uii 
impure iiectate of mm ( black iron liquor but is iiHually tn‘ato«] 
to sejiarate the methyl aleoliol. lu'elone, and andte aeid It «s>ntainH 
about 4 |)er ei-nt of methil aleohol * 

The laqiaratiun elTi^'ted by fruetional cliHtillation To nrover 
the aeetie aeid, the vapours are juisscd into milk of lime, whereby 
** gri'Y acetate of limois produeisl AltcrnativeK, the p> ruligneoUH 
aeid mar bo neiitralisiMl with lime ludore diatilling oR the methyl 
ahsihol Usually three stills of about 2,•'300 gallons eapaidty eaeli 
' Baskerville, J. Ind Htuj H/uM., IttlJ, S, 700. 
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an; cmiiloytHl, and fn>in them am nbtainFd dintillatwi containing 
Ifi, 42, and 82 per rent of wikmI alrohol rrapi'ctively The loat 
pnaluct -82 [mt ivnt woikI npirit—atdl contoiiia acetone, in varying 
aiHount, an n'cll an other aulMtaiieca. 

The priH'iwen may bo ohown diagrammatically aa followH;— 

W(I(m 1. —^ I^utna'tlvt'ly distillcil 

I 

I ^ 

C'liHTrottl Fint dwhiittto litHliHtilks) in» 

I rnpitcrHlilI (K 

I 111 

* I i 

« Titf l*ynil>KiMNnM ncut ^ Nt'Utriili'HMl uilh 

I liitH' mxl 

4 retiiHiillfil 

1 i 

Diit^ii l»y ^ <]nn'Diliitocnxli* Ib'iiisiiDi'tl 

wiwlo lir{iKir. woiHlHimhol 

I I 

+ * 

tlrny nrrttttn nf liiiu' rnifh< niMMi nlmliol 

No de<*om|M>Hilii;n on'iira bi'lou 118)'' during the distillation 
liotween 1(81" anil 27!i". the pyniligneouii acid in roniieil, iilKiiit 
27(i°, tho ybdd of ganeona pnidiietH limiineii widl iniirhed , lu'lwmi 
3181° and ATrf)", liquid luid milid hydnicarliona arc formed , mid iiian e 
450" littlo change occuni 

The cnide woikI alcohol obtained is genenill) sent to ii (S'litrally- 
located refinery in tank-cars, iron drums, or burn'Ia, for ininlicntion 
and ns'tilication. This is accoinplishisl by further distillation from 
lime or caustic siula, with n|iccial methods for n-inoving acetone, ns 
doscrilKHl bcU™. The final product onlinarily obtained is com- 
nicndal wotsi alrohol («oik1 spirit, wissl naphtha), which is usually 
sold ut 95 per ront. strengUi (Tralles), but winch may contain from 
10 to 20 jier cent, of acetone and varying proportions nf other 
impurities. A more hi|dily-n>etified and refined product containing 
97 to 98 per cent of actual methyl alcoliol is also obtained, this 
is sold under various tmile names, such as “ Columbian Spirits," 

" Colonial Spirits,” “ Manhattan Spirits," In Canada, a similar 
product is known ns “ Green Wooil Spirits ” and “ Standard Wood 
Spirits " 

During the year 1909 (here were distilled in the Tnitcil States 
1,1,50,018) nuds of lutnl woods such as beech, birch, and maple; and 
110,(88) corda id yellow pine, fir, and other soft woods From tho 
hani woods, the chief products obtained were, per cord of woiol;— 





rhuraid .40'I biniMh. 

Tnidu «mk 1 alfHliiil . 7 4 finlltinK 

iln'y will bniwii AivtikU''i . 101 2 111. 

(Uaiiily Kn*y HrKab* of liini>) 

TT)!* soft winmU jk’ldi'il. Imidn) rhnn-oiil, cliirfly larprntiAr onif 
vixhI Ur Thrv nn- of mnn' vahii* for llir )inMturlion of tlimr 
than lu a Miiin'i- of »ooil nkiihol nml iwetii' lu-iil 
KiKiiroH for tho n-tntivc yiblihi ohuinnl from ihITm'nt kind* of 
wiknI ill hliomtorv IchIh Iuth liern (jivni hv Itawfoy and I'almiT.' 
Piir thi' Ihm- hanl uihhU coiniiinnfy Hard on a fiir|>r Hrafc for 
dilliifntion iir llii> (’'niliil Slalra llu uii'miir ri'HiiIU aorp aa fofloaa 
(I) Kvpri'niial aa )a'na'ntaKi’ of tin- ilry ui'ifdil of aiaxl. 


If.-,, It 

WiNmI IMItl 

(1U(> |H-r I'l'ivI f (l(N> |RT i.fiti )i 
1 H7 r, .V» 

Ifin-li 

1 AO 

OAO 


1 tl» 

4 OA 


(2) K\|>n"ianl in li'rma of I'lniiiiipn'ial pnalupta and n'frrrpil to 
thp lioaia Ilf a lainl (INI pli fl) of air-dripil wikhI (iri {ht ppiiI of 
iiioiaturi') 

IbilloiiH Ilf Lb of rub null 


K2|M'rH'iil lll•l•tlltr, 
Hiaal all iiliiil HI) |H'r ri nt 
Ibii'li 11 4 OIIU 

Ibri'li a« 091 

IIh|iIii 11 7 279 


Mrlliyl alcohol ia alao ohtaiiual aa n hy pnxhicl in tho nianii- 
facturi' of wood pulp In the aulphatc pioccaa for “ cany hipuching ” 
inilp, about 13 kihw of methyl alcohol arc fomicd [ht 1,(1111) kiloa 
of rrlluloac, and a part of thia alrohol la n-poviTiVI hy condenaiiiK 
the vapoura diHpliaifpol from tho di|tpatrra at prcnaiirpa bplapi'ii 
10 and 4 atiiioaphpn-a Thia ia a fairly pun- alcohol, (Kintainiiig 
only about 0 5 ]M‘r ivnl of acetone. A fiirtlipr i|uanlity, of liaia 
pure spirit, is obtninrd fnini the vapours )iaaaing at pn-aaiirps hclo« 
4 atmospherea, and fnmi thp pva|x>ratii>n of the lye In the Ititter- 
Kellner sulphite pmepaa, 8 to 10 kilos of niptliyl alioliul am forrard 
prr ton of cpIIuIoho ' 

Methyl alcohfd ran also bo obUinpd from the “ black liquor ” 
yielded in the digestion of «ood by the “ soda-pulp ” proueaa,’ 
and from waste eapartq liquora * 

' KigM IiU. Cmg dp/d. Ckm, 1912; (AUt.) J. Km. f'Aein. fad., 1912. 

a. W9. 

* Bpraatrom, Papttrfahrthinl, 1912, 10, ti77. 

* White anil Kae (AImI.), J. Soc. Chtta Ind , 1917. U, 393 

* Lawienop, ibuf. 
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n METHYL A[/t)HOL: ITS PRODITTrON AN1> PROmTlEH JSl 


RECtification. in fSf’ni*nil. wv mm s<i\ that fntin KHt |Mirt< 
of uir-drml vkmkI an* oMaiii(‘<l h\ di^tilintion to 27 piutH of 
t4iun‘o,il, and 4ri to oi) jHirti* of ]>>roli^iM‘oiih lu|Uor or “ iTiiilo 
U(mnI vini*i;ai *' ThU laat ooiituiiw uhoiit (i to H prr tmt of ni*<'lir 
U4itl amt.‘{to 4 |ht mil of mdli^l aliKdioh >»ith n littio andono anil 
ahoiit 7 )NT n>iit of tarrjk inattor In Hinall |no|iortituiH, tlion* 
an> pir'4('nt iiImi istrn* (mainly moth}! iKiduti*)' hiplior kotoiu'K. 
all) I nliolinl. pynilim*. amt nniincH 

liUioiiH iiH'tloKU of olitiiiiiiii^ |iurilirfl lnl'tll^l aliohol from llio 
li(|iior .110 oiii]>lo)o(l, Olio ]inNH‘w« lioiii^ to iliMil it ami |Ni>is tlio 
ilMillati* tlimiiuh \oHsrlr< <orilnimti); hot milk of liiiio, mIiioIi ndaiiiH 
tlio .uolio .loll], tho \a|ioiirh of nioilnl ah oho) ami aiotono |NiKHinf( 
on to la* fr.Klioiialoil ami comlonMil Tlio ilistillato o< a^ain 
loitiliod. thou (liliitoil mixoil Mitli 2 or .‘f ]«'i lont of milk of linio. 
ami \oT\ oloxih ilistillod Tho tiiM lUiininuH nou oontniii iiiiioh 
aiotono. .uid tlio ’ tailiimn '* im liido kotonos of hif'hor )ioilinf{ point. 
nhiUt iho middlo fraitionn iin‘ 'ippro\iiimtol> piiio itioth\l alooliol 
and u.itor 

Kiiitlior pillitioation i<4 olTt^tod h\ lo diMillalioii fn»m liiiio or 
oaiislio Mtd.i and liimlU fioiii a liltio Miljihiirio and to n'liioxo 
oiir.iiiio li.iMN 

tl\nliMiio .i^dith ami liltration thioii^h (hiiKoal aro othor nl(•allH 
Miiiiiiimo^ oinploxod in tho pniitioation An\ small (|uantit) of 
I (‘loiio ofill tomaiiiiii^ imi) ho lonioxod h\ passiii); dr) ohioriiio 
into Iho lioilin^ alcohol aliioh h thou sopiualod hv fiaotioiiatioii 
from tho hiifhor hoihni; <hlr»rinati‘<l moloiio. ami piiiifiod frfaii 
oliioniio In 10 distillation our limo llloaoliini; poxxdoi ia also 
usod for Iho loinoxal of motono, it (onxoila tho latter into 
chloroform 

thi a Hinallor soalo. piintiintion of mo|li\l aJoolioI ina\ ho <‘(T(‘<‘lnl 
liy miMii^ It uith nnhvrlnaiH oaloium ohlondo. xnlh ahioh it fotnis 
a (rsstallino <om{K>und This on ho soparntt'd, fn-od from aoolono 
)>> lioatiim, and Ihoii doooin|M>Hoil hy dmtillntion xxilh antor 
dionmally |am* iiutliyl alcohol ih ohtainorl hy flo<'oni|Nisiri^ tho 
oxalate, .Kotato, formato, or other inoth)l eater uitli alkaliH, or 
vith uater alone For example The impure ahohoi in difteated 
tilth M»li<l •MMlinin hydnivide in Iho pn»]Hirtjon of 1/it) f^mma of the 
latter to 100 eo of the^foriiier, and then diatdlerl Fi\e hiindroil 
gmins of oxalic acid an* mixed with 200 c e. of Miilphurie acid, and 
400 ce of the dHtillerl alcohol added ; the mixture la then healixl 
on the unter-liath. and the er^’fttala of methyl oxalate Mliioh form 
an*iM'ittratnl, dricxl h) presaun* hetaeen fiUer-|Hi|NT, and li,\drol)S(xI 
by heating with uatir at 70'^ The alcohol la then diatiiled off and 

K 2 
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(Ifliv'drntnl with Imriiim nxifli>, ralciuni oxide, and anhydrous 
( 0 |ipcT Hulphate' 

" Alisiiliitc " ini'thyl alcohol in best obtained by treating the 
htniiig pure ajiirit Hiieeessively u'ith fn'alily ignited lime and recently- 
heated [Kil(u«iiim earlainate, lea\iiig it in contact with the latter 
for Millie veekM, and then distilling it seveial times from metallic 
ciilciiiiii 

Properties.-- Ihin- methyl alcohol is a mobile, colourless 
lii|iiiil nbiiili has a faint spirituous odour, and bums with a pale 
blue name It is iniseilile with water in all prujiortious, and also 
H’llli etii)! alcohol, and uitli ether The bnilivg jioint has bis-n 
variously givfn, Mime of the discicjiiineies an- jiniliably due to 
the pn-sl-nee of iicetono in the spirit The vaiiie that has Iss-n 
iiiiist genenilly an-eptisl is tlli" at iiorinal )ircKsun-; but according 
to J dvr’ the bp is tUSti" at Ttill mm , and h'^icbs'* gi\es it as 
fi.'i IIK° at 7111 Him . ranging up to UK IMt' at 7iNt nun 'I'iii- mrlhng 
point of tbe Miiidilicd alcohol is - m It" (Ijadeiibiirg and Kriigel) 
Tile opteipr gnirihj of iiietliyl alcohol is t) KlIKI at It ’ji", and It 7!K147 
at l.'i''/l.’i 

Mixtures of metliyl alcohol and n-ater liai c nearly, liul not ipiile, 
till! same sperilic graiilies as corres|Kiudiug iiiixtim-s of ethyl 
alcohol and water, l-'or certain pro(Kirtions the dilTcn'iicr is 
suhstaiitiiil, as will Im m-eii from tho following table 

IVrsf-iilaan liy \s,luilic. 


H|> {:r nl 
latrisKi' 

Mr'lhyl 

lOlhvI 

am?* 

LN) 

21 7 

0U(I2I 

30 

32 7 

OfllK? 

10 

41 0 

0 

AO 

TiO 1 

0 9147 

Oil 

59 4 

0 HlKIl 

70 

08 7 

0 81170 

HO 

78 8 


The greatf-st dilfcn-nce is shown hy mixtures the sjHH-ine gravities 
of which an- about (11102 to 0 903 lith}l alcohol nii\(iin-s at 
tlii-sn siHs-itic gravities contain 2 7 per cent, more alcohol than 
methyl alcohol ini\tun-s at tlio same S|X!cific gravities 

Hence, althnugli for approximate pur|ioscs the oniinary tables 
of (ethyl) alcoholic stn-ngth can he used with methyl ubsihol 
mixtures, for exart wxirk the sfiecial methyl alcohol tables slioubl 
Ih- employed The following are ]Hibliidicd by the Bureau of 
Standanls, Washington (Circular No. IB). 

I Ditliiisr ami Fawsilt, Tmn*. Hng. Soe £ilis., IS8S, 33. rsHI. 

• Urr, IIMS. U. 4333. 

■ Xntneh. WhjiW. Chtin^ 1S9H, 871. 
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INt ci'iit 



IVr li'iit 






motliyl 



iil< olml 



mIpmIiuI 



li> UfiKlit 

1) l.-i”4‘ 


hy W'lgiit 

l» 15' 1" 

DllTlTtSKHN 

0 

(I <19011 

0 40)100 

14) 

4) <) 1724) 

0(H)I77 

1 

1> IKiTi? 

104 

41 

9 < 2 : 1 . 11:1 

170 

» 

(t 09513 

173 

42 

4) 91305 

100 

A 

(1 <)9.ril 

172 

n 

9 <).{|).» 

|KI 

1 

09919H 

109 

M 

9 9.110)1 

10(1 

.5 

9 0<Ni20 

hi.l 

15 

4M12S15 

100 

i» 

41 9HH4II 

103 

hi 

41 <.12027 

hll 

7 

II 0hflll 

l'i4 

17 

41 92i:ili 

191 

s 

4i9h’il7 

1 . 1:1 

4s 

4192212 

191 

U 

9 9S31M 

M3 

19 

4)9294n 

1941 

hi 

0 MSill 

MS 

.14) 

9 910.12 

I'lO 

U 

9 9MHi:t 

110 

51 

4) 91 <.13 

24)2 

12 

9 97915 

11:1 

.12 

0 91151 

203 

l.l 

9 97H9j 

M2 

5.1 

4I9I2IH 

201 

II 

41 <»7iiiiO 

142 

.11 

4) <>1911 

24)5 

1.5 

9 <l7'tlh 

Ml 

55 

4) (N)N19 

2()H 

hi 

4» <17377 

MO 

.141 

9 9114111 

211) 

17 

9 972.17 

Ml 

17 

9 <K)421 

211 

IS 

41 979011 

Ml 

50 

4)99210 

211 

19 

9 9it9rr» 

Ml 

.19 

41 S<I9<)0 

215 

211 

0 90S11 

111 

10) 

0 097H1 

2IS 

21 

9 <iiib73 

114) 

01 

0 H<i.iii:i 

222 

22 

9 90-'>31 

Ml 

02 

0 09.111 

221 

Hfl 

4190392 

141 

0.1 

009117 

227 

2t 

0 90251 

143 

04 

0 S0099 

220 

2>'i 

0 9010H 

141 

0.1 

0 KNO02 

220 

20 

U 9590:1 

140 

4l4i 

0 001 : 1:1 

230 

27 

II9.5K17 

149 

67 

0 00203 

232 

2H 

(191000 

1.11) 

00 

0 87971 

232 

29 

9 95518 

162 

09 

0 07739 

f32 

30 

0 95300 

163 

70 

0 87.197 

230 

31 

0 95213 

167 

71 

087271 

230 

32 

0 95050 

100 

72 

0 07033 

241 

33 

0 94090 

102 

73 

0 80792 

246 

34 

0 94734 

104 

74 

0-86.140 

210 

35 

0 94.570 

106 

76 

0 80300 

249 

30 

U 04404 

107 

70 

0 06051 • 

264) 

37 

0 04237 • 

1741 

77 

0H.1M01 

230 

30 

0 94007 

173 

78 

0 05.131 

2.11 

39 

093004 

174 

70 

0 85300 

202 

10 

0 o:i720 

, 

80 

0 85048 



* J. Rw. FAy«. Vh€m. Soe., IINW, 41, 977-990. 
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Mi 
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M3 

II H4374 
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HI 

IlHilMlO 

207 
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0 H.17ii 

2«7 
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IIH3i7:> 

20H 

H7 
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270 

HH 
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IKI 
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111 

0Hilil 

275 

Hi 

0HIH4*I 

2HI 

(13 

0 KI3(IH 

2H3 

(14 

0M12K5 

2Hli 

!K» 

0 KOIKKI 

286 

116 

0 >10713 

2K5 
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287 
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281 
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1IHIOINI 

0181110 
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0 00851 

148 

3 

0 (KITO:! 

143 

3 

0 (81560 

138 

1 

0 0UI22 

130 

5 

0 00283 

137 

li 

0 OOMli 

135 

7 

0 OWIII 

131 

8 

0 0Sh77 

131 

0 

0 08746 

125 

10 

0 08621 

125 

11 

0 0H41MI 

126 

12 

0 08370 

123 

13 

0 08217 

122 

14 

OOH125 

122 

15 

0>08003 

110 

16 

0 07884 

118 

17 

0 07766 

UK 

IH 

0 07648 

118 

10 

0 97530 

117 

20 

0 07413 
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0 072‘U 
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22 

0 07177 

uu 

23 

0 070‘)8 

U'l 

21 

0 06030 

110 

25 

0 06S2O 

120 

26 

0 067(81 

120 

27 

0 06580 

121 

28 

0 06450 

121 

20 

0 •26338 

122 

30 

0 06216 

125 

31 

0 06001 

125 

32 

0 05066 

128 

33 

0 05H38 

130 

34 

0 0.1708 

132 

35 

00.1576 

133 

36 

0 0.1143 

135 

87 

0 05308 

138 

3H 

0 95170 

141 

30 

0 0.1020 

143 

40 

0 04.886 
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III PKIti'l-NTAllK't VOLUMK AT l.V. <‘t»lllthNri>NniN<] WHIt VARinin 
rhH('KNTAlJI>.S R\ WiSItillT IN MIVTIIRhM OK* HKTIIIX AU*UHOL 4KII 
WATER (vntd. 


I’tTirnt. I Percent. 


iVr (H'liJ. 

ll}' \illUMMt 


IVr mil 

hy Vfihinm 


hy wi'irIiI 

Hi 16". 

J)ilT«‘n‘itc<' 0 . I>y rcikIiU 

Al KA 

ililTcn'iiccH 

10 

12 313 

1 214 

66 

52 783 

0 006 

11 

\? 660 

1 211 

55 

03 77H 

0 080 

IS 

14 770 

1 207 

57 

04 767 

0 983 

1» 

16 077 

1 204 

68 

06-760 

0 076 

11 

17 181 

1201 

60 

55 726 

0 058 

Ifi 

1M3H2 

1 107 

00 

07 503 

0 001 
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10 670 

MOI 

01 
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0 063 

17 
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0 046 
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1» 
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1 180 

06 
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0 021 

21 
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50 

73 311 

0 018 

22 
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1 172 

57 

71 252 

OOM) 
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1 100 

08 

76 172 

0 IHri 

24 
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1 104 

50 

75 077 
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26 
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70 

75 075 

0 8KH 

26 

31 361 

1 150 

71 
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0 KH2 

27 

32 610 

1 162 

72 

78 715 

0 h72 

2H 

33 01(2 

1 147 

73 

70 018 

0 852 

20 

34 hOO 

1 113 

74 

80 1M> 

0 835 

:<o 

36 062 

1 130 

76 

81 330 

OHIO 

»1 

37 001 

1 i:i:i 

75 

Ki 182 

0 840 

32 

38 221 

1 128 

77 

K3 022 

0 833 

33 

30 362 

1 121 

78 

8.3 866 

0 826 

34 

40 170 

1 118 

70 

81080 

OHIO 

33 

41 601 

1 111 

NO 

86 400 

0 811 

3li 

42 708 

1 108 

81 

85 310 

OMm 

37 

43 810 

1 103 

8i 

87 110 

0 780 

3M 

44 010 

1007 

H3 

87 HOO 

0 778 

30 

10 010 

lOlKl 

84 

88 077 

0 771 

40 

47 Mm 

1080 

85 

80 448 

0 754 

41 

48 106 

1082 

85 

00-212 

0 765 

43 

40 277 

1070 

87 

00 058 

0 748 

43 

60 363 

1 050 

88 

91 710 

0 740 

41 

61 422 

1054 

80 

92 460 

0 732 

46 

62 486 

1068 

00 

03 188 

0 724 

4fl 

63-644 

1-061 

01 

03 912 

0 715 

47 

64 505 

1014 

02 

04 527 

0 609 

48 

56 530 

1-030 

03 

95 326 

0 501 

40 

60 078 

1034 

04 

95-017 

0-680 

60 

67-712 

1-027 

05 ' 

96-697 

0 673 

61 

68 730 

1020 

05 

07 370 

0 550 

62 

5(1769 

1-OU . 

97 

08035 

0 550 

63 

00 773 

1008 

08 

08 505 

0 555 

54 

01 781 

1002 

09 

00 351 

0 640 

65 

02 783 


100 

100000 
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Hoiuno iKJiNTs or vixri kks or mktiui. \u'oiiol waxeh.* 


IllCHlllol 


IVr n‘iil. 

B p at 

lip Hi 

H |i. hI 

I>y 

7<I0 Mini 

7(M1 null. 

MHl Him 

0 

ll7 7.* 

KMr* 

101 14' 

10 

Ml :•! 

HI 72 

o:ili 

20 

ha»7 

tmio 

H7 57 

3<i 

HI (Ml 

H2 17 

MS rii) 

10 

7(107 

71110 

H0 4H 

.10 

74 44 

7(1 fit 

77'(1 

(U» 

7-» 17 

74 2H 

75 ().'» 

70 

lOI tIK 

7J OH 

73 11 

SO 

H7 77 

H0-h7 

71 2J 

IHI 

or> HJ 

(17 lU 

(iH 75 

HM) 

112 ri3 

(14 A? 

Uri 02 


* IhtiiiM 111 101(1 PdljiiiHky,./ UuMf Pkjit (%m (ha., ItllU, 

RHI i:it 


Tlip vapour pressure .uhI heat of vaporisation of iiwthyl iiltdliDl 
at \iirioiiH tpinir'i'iilurt's up to tlu* iiitiiiil im* Mioun in tlio 
fullnuiiiu tablp (hli|;litlv al»l»n>><.itril) dut* tu »S Young ' 



M1.TIIW. Aumioi. 
Vii|Hmi 

Il4>nt (if 


pr>‘iMtii(*, 

\U|KinNAl l<lli« 

Ti'inp 

inni 

omIoih'h 

n‘ 

29 (1 

2K0 17 

10 

r»i 7 

3H7 3H 

20 

•.111 0 

2H4 .74 

.70 

IHl 0 

2HJ 07 

to 

2HI 5 

277 7H 

Tril 

lOit 0 

27J 14 

(10 

(12.7 0 

3(19 41 

70 


3114 51 

hO 

1341 

35K W\ 

•Ml 

1K97 

3.7J 7(1 

100 

2(131 

3l(lUt 

120 

17.71 

2324H) 

11(1 

MI71 

21512 

ino 

13037 

198 34 

IIHI 

3(NIH» 

177 15 

2(MI 

397H7 

1.71 H4 

220 

42573 

112 5.7 

230 

50414 

84 47 

332 

52302 

77 78 

234 

53039 

7015 

330 

55(134 

5L56 

33H 

.77575 

(1022 

338 5 

58329 

44 23 

339 

58741 

— 

239 5 

50145 


340 • 

50560 

0 


OiiKTiJ tcin|». 

The speolBe heat oi methyl alcohol at temperatures from 18"* 
to 100” is O'O.ISl (Doroecheweky) Thin investigator has also detcr- 
> JHaeat. Proc. See. 1^,8.). ISIO, U. 440. 
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(H^r. 




iiiiiird Ihi' M|)c( ili<' liiiith of iiiixliircn of tnollijl iilcoliol niid water 
over tlie nui({i‘ IH' to lOI)'’,' the lemilta iK'iiig no foltowa — 


IN'i nt 


nlmliol 

Sitrcifli* 

liy 

lit‘lit 

!H>01 

(1 7JII0 

MMM) 

« (17714 

ti<l llil 

(1 HJH7 

(Ml u:t 

(1 HltK<) 

Ml !IH 

(1 Ollti 

Ml (Ml 

(1 (I.Hi 

:Mi ill 

(1 

•: \ tm 

1 (NKIl 

2(1 IN) 

1 (MI2I 

■ft 01 

1 (NHm 

mill 

1 (II11 

A ou 

1 (HIhri 

OINI (utili r) 

1 IN)liO 


The viscosity of melhjl uleolml at 2(1' is (((Htt'ITl* . a 1 2.’i , 
(t (MttCi.t, and at 4 .) , (I (K424 The molecular magnetic rotation 

IS III tip 

OMdisiii|> agents eonvert iiie(h,\l nieohol into foniialdelude and 
then into fiirnne iieid, and iiltnnately under eertain eonditions into 
eurlion dioxide and water Kvaiiipli-s of eiieh of these reaelioiis 

urv di»ieiilM-d III (!hap VI in eonneetion with the ... 

methyl aleohol 

When heated with siHla-liine, inettnl aleolitil Melds sodnini 
formate • • 

ClljOII I NiiDII llttOON'a I 211, 

In eertiiin erisUiIline (sini|Miunds, nieth.il aleohol liiiiitions ns 
nieohol of erystnllisatlon The most noteworthy is the eomlinia- 
tioii with oaleiiiiii oldonde, (V(1,,4('il,(t. which erystailises in 
liexagonul plates, and is ohtaimsl hy the diivet union of (he aleohol 
and the euleinin salt latlunin ehlunde and niagnraium ehloride 
supply other eMiniplea of siieli eonilunations Muf'iiesium itself 
di.ssolvea in warin methyl aleohol, giving the inethoxide in eiystala 
which eontain It inoleenles of the aleohol Bainini oxide is dis¬ 
solved by methyl aleohol to give the rr\stalline roni|Miiind 

Hal),2CH,0,2H,0. 

Electrolysis.— Dll electrolysing methyl aleohol in n(|Ueoiis 
aniphurio acid, hydrogen in evolved, and oxidation prudiieta are 
formtd. These consist of methyl formate, iqethylal, methyl acetate, 
acetic acid, and methyl sulphuric add, with a little carbon dioxide 
and carbon moiioxido Under special conditions, formaldehyde is 
pnalueed 

> J Him /‘Sys rsna Oa , IllOa, U. II.SH, Vkem Zmtr , 1910,1, ISO 

• IVrkiii, TmiM ('Arm Hoc , 1909. 81. 119. 
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In AijiKMMirt solution, oil {uldition of potuvriiuin Hootiito, tiH'thnnr 
and |M>tasMuiii motliyl ciirhontiti' aiv |inMlurod, un mcU tw tin* 
rarlioii oxidt^h 

Klf'otniljiM'il uitlioiit a cithtT alone ni Mitli tlie adtlilinii 

of a lit le alkali, nietlnl aletihol \i('!d‘< ehiell^; earlHHi diitNide, 
together mtit iiionoxiile, o\\p*n, .iml hvdio^reii In jih'sence of 
alkali, varboliate of the InltiT l'^ fi>nneil 

Catalytic decomposition. When inetlnl iiteohol \a|M)iii 

in laih-^-d o\ei leihieed i’Op|M‘r at a leiii|H*ialuie of ahoul 
it Is deeoiii|)osed into fiirmaldehwle and h\dioLren (Sahutier and 
Sciidemi'*) At higher teni|a'iiitu'e'>, the forinahleh>de jh |Nutl\ 
destioml, rarlKin inonoMde la*m>( |iI4mIuhmI Tints. a«'eurdiii}( 
tfi Maniihli and (•('ilniann * at 2titt IIh* e\ol\ed jias eontHina 
Id to 12 )H'i (Wit of (arlion niono\id«' eojies|Haidm;f Milh 1h«' 
defompoHitioii of about (Uie M'venth (»1 the pniiiaiily l«Mni(‘d 
formahlelnde \ larue pio|sMtnin of the latter is jwhinefised to 
iiietiul forinati' 

With reduied iiieki*! a>« ealaUst in the plaie of (o|)|N*r. Salaitiei 
and iS(>ndet«>iis fo iml that tlte a« Inui ih more Mohmt and taki's ]»la<e 
at a hmei t(‘in|M*tature but [aiitial ihroin|K)silion of the aldelude 
(aiinot be a\oided Hitliieed (olsdl a<lH siniilailv to nickel 
Platiniiiii spoime also ilTeits tin* deeoni|M>sitlon of tin* uleohol, 
but at a hiifluT t(‘ni|M'ra1uM - 

The (alaUlic di‘eoiii|sisition of meth\l al<oln»l is of ioiisnhTable 
teihnieal imjioitaiiee in the ]>nMhnlion o| b»rinald(di\de Kediieed 
eoppiT, pialiiiiM‘d asbestos, and silvered ^au/e oi puiiiKc an* 
coiniiionl.v Used as tin* eataivsts Forinnldelivdi^ itsidf is hirftely 
used in the dyeiiif' indiistrv. in making; («*rlairi iiiedieiiial pmdiielh 
(hexaiiiine), niid m the tnanufaeluie of svnthetie n'sina (lakelite) 

If iiieth}! aleohol is healed in abswue of air in a xchncI prov idl'd 
with a reflux eondeiiser. bv nutans of a platinum or iiiekid uin* 
eleetrieall,\ h(‘ated to iilaiut 7<Hf , livdrf^im and <'aibon iiionoxidi* 
mth tract's of dioxide an* |;iveii off. and fornialdehydn is found in 
till' n'aetioii vesat'l If ammonia is dissolved in tin* niefh}l ahohol, 
the forinahh'hydc is converted into hexamethvleiiett'tramtne ^ A 
mixtun* of metlivl iihohol va}Kiur and air yiidda formaldehyde 
when expoHcd to Hunlight, though not when kept in Uie dark at 
the ordinary tem|>eratiye, and only traeea at lOfi*'* 

Applic&tionSf * -Methy 1 aleohol finda important applir ationa in 
the manufacture of medicinal and photographic ('hemu'ala and of 

> lUr, lino. 49. •'rHl * Cumja rPNf{, 186, 921 

* L«»b. Zfttsrk KUUnchp$n , 1912. 16, K47 

* II D (iibbs. rhtt J Sa., 1912. 7. TiT. 
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ILCOHOI. 


CBU. 


(Iri'NliiRft It io oni|iloyp(l birth oh a wiIvTiit -hh, for rxainpir, in 
tlir |in'|i.irnliuii of “ SalvaniiUi and as a iiicana of intnaliiring 
nii'tliyl groiipa into n rompound For thia luttrr purpoao, it ia 
iiHiially i-inployrd in tlir form of a aalt nr Fstrr, e ij , mvthil aidphuto, 
rhlnridi-, iiKlidr, or picratr. Methyl aniiinca are lari^dy uHcd in 
thu pri'iairation of rertain dyretufla Methyl aalieykte, or aynthetic 
oil of wiiitergreen, ia of aomo importanee in medieine, and ia alao 
eniploynl aa a ninalituent of flavouringa Varioua methyl eaters 
an* iiaed in perfumery, aa, for instanei*, methyl benzoate (Niohe 
eMHenee), methyl antbronilate, methyl einnamate, and inetliyl 
lieta-nnplithiilate (nerolin) 

In its Iraa'inin* furnia as wood spirit or wihxI nafihtha, nietliyl 
nieohol ia largely used as a aulrent fur resins in the varnish industry, 
and it timbi an iin|xirtant applieatiun in the denaturing of ethyl 
aleohol used in munufaeturea. 

Wood naphtha.- (“ Wood Spirit ”) ■ - This is eriide methyl 
aleohol, nintaining water and voriinis impurities, ehielly aivtono 
and esters. The amount of these iiiipiiritiys nlliiued to remain 
in thu various gnides of woixl spirit depends ii|hiii the pur|iosi< for 
nhieli the spirit is re<|iiirrd For examjile, m the making of 
formaldehyde, and also in the colour industry, it is im[K)rtaiil to 
havo the methyl nieohol nearly free from iieelone, uheieas there 
is no objeetion to a miKleratr prn|Kirtion of aeetone in wihhI naphtha 
used us a deiiiitunint of ethyl alcohol, and its jiresenee is even 
advantageous in wisid naphtha employrel as a solvent fur reams 
in making varnishes, jailialiva, mid laequers 

For a deseription of thn analytieal methods used in examiiimg 
wood iiaiihlha, and fur typical analyses, see Chap VTII 
Toxic character of methyl alcohol.- A numlHr of 
uhaervations have been rerorded tending to show that methyl 
aleohol is diatinetly nioro poisonous than its ethyl homuliiguc This 
toxio eharoeter has been ascribed to the oxidation of the methyl 
alcohol in the tissues to formaldehyde, wliieh, as is well known, has 
a strong ehemieal action on nitrogenous organic substances Or 
again, it has been attributed also to the further oxidation-product 
formic arid, which appears in the urine in cases of methyl alcohol 
poisoning, and has been found in the cadaver after death; this 
acid M said to esuse fatty degeneration ,of the blood-vessels in 
the slireths of tho optic nerve and choroid membrane, leading to 
Bcrioiia affeetion of the eyesight * 

Aa regards instances of actual poisoning through drinking methyl 
alcohol in quantity, the best known ia perhaps the Berlin case which 
* Kasasa, ZttUr. Bioehtm. Ift. 206. 



"w XnHYLAUnHOLiItjRPRnDDCTrOMAMDPROmTtlU Ul 

occurml in 1911 A (actitiouii " bnuidy ” or •' n hnapps ’’ Irntl Iwn 
coniwtwl uitli niith.\l ami rthjl alralioU iii Ihi- iiniportion of uIh>u( 
4 parta of thr formtT to I part of the latlrr, ami drank by a largo 
numbrr of pi-opli', with Iho rrwiilt that thoro »(w !l.*i caara of illiicaa 
and 7(1 doatlia * Another instancr w n>rordrd, with tho ayiiiptoinn, 
by Dr (' A. VVikkI at iHviiiriiig in Indiana during 1911 

Kivr IIII-II Iiiadc a iiiixluri' of om> gallon of aood nirohol and 
tbriH- gallons of grain (othyl) alcohol, ami all drank frci'ly of it, 
nitli fatal results Iflindniaia came on alNint six to eight hntim 
before death ’ 

According to oliscn'atinns iiiaile by Nii'loiiv and I’lawl," Aiipr 
iniraicnons doses of inethyl alcohol an- ndalncly lets toxic than 
ethyl alcohol, but in rc|H‘nted kiiiiiII doses cxery Iwciily-foiir 
bonis the reverse is the ciisi' Tins apiasirs to Is' due to the 
ciiiiiiihituc elicit oblaiiusl siiiec iiiithyl alcohol is cliiiiinatcd more 
slimly and is li-ss nsiilily destroyed in the tissues, tliaii is ethyl 
ahsiliol 

'I’lic latter }iliciiomenon is illiistmtisl by some cxticrimentH on 
dogs lairicil out by Volts .iiiil Ibctiii-li * It nas fimiid that after 
adinniistratioii of iiictlivl ,iliolial (2 ce ]s‘r kihi of Issly weight), 
onl\ ;i!t |K'i 1 cut nas omiIisisI in the tissues during forty eight liiaiis 
On the other hand, alien ethyl sholiol was gueii under similar 
isinditions, about !K) |M-r issit of the nhsihol was oxidisisi and 
dcstioyid 111 the tissues during a mueh shorter lime, nainniy, liftecn 
hoiini 

.N'limiToiis refen'nies to papers on Uio Uixiisilogy of methyl 
ahsiliol are given br K Merck ‘ 'I'he eoni liisions siiinniarisod 
"show that inethyl ahsiliol itself, when habitually used, or when 
taken in a single large dose, may act as a poison, and that " the 
toxicity IS not due to the prcs<‘n<a- of impurities in the prejiaralion." 
Soma persons an* able to take large doses of methyl alcohol without 
apparent harm It is, however, impossible to say beforehand how 
largi* a dost* will shun an injurious elTis I Aecurdiiig to one investi¬ 
gator (Uiihle), the lethal dose vanes between 60 and lUtI grams. 

“ but the toxic dose is mueh leas, and blindness may ensue after 
doses of only 7 or 8 grams." 

Olivari* found tliat with pure methyl alcohol the minimal lethal 
dose for small animals (guinea-pigs, mire, frogs) was almut 10 grams 
per kilogram of Imdy nVight, the dose ranging from 9 6 to 11 *5 in 
tho three animals mentioned 

■ ZriKck. -Vukr. Slid Otnunm., 1912, 24. 7. 

* /Itiiidiiesi /ram tl'mid jnjti Ainenesn Hod. Assoc. 

> J. PAynct P<d6., U, alO. • MssiAsm Znluh, 1«I2,. 40, ID 

• ■■Aniisat Pejmrf," 1912. • Vkrm. ZaUt., IBIS. L I7IIU, 
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Ethyl alcohol (Klhiiiiril). (yit OH .Mnl nt 
Occurrence of alcohol in natural products. K( li\ I 

nlciilidl lA pn-M'iit in n iniinlii-r of plnnlK, I'hiclly ciiiiiliini-il mill 
•iru.mic ficiilH til loriii the ethyl eslem of tliesi' ueids TIiiia etliil 
Iiei'tnle IS eniiliiiiieil in llii‘ Ihmers ot Mnijiiolin /iisrrild etiijl 
hull rule in the oil fniiii the flints ol llnarlnim ijif/iiii/ru?H nnil 
// nfthumlijhum ^ ethyl viiliTiite |iriiliiilily o(‘eurs in Aliteriiin oil 
of rue, iiiiil ethyl einniimiite is pn-seiit in lii|iiiil sloriix fiiiiii 
Li'iuiihimhir tinciiltilm iiiiil in the oil from Kinmiifrim i/dliiiiiiii 
This lust.oil isiiitiiins also the ethyl ester of /i methoxyiiniiuinie 
iieiil, uliilsl ethyl esteis of hexoie, iH'toie, ileioie, liiiirie, )iulniitie, 
iinil oleii' ueiils ,ire pn'sent in the jiins' from the flints of the 
SUM jiiiliiiello (>SViM mniliiitt) 

<^*rlain lielieiis also eoiitain the ethyl esters ol \aiioiis aeiils 
for these and others meiitionisl, sei' the lefereiiees eom|iiled In the 
late I'rof Meldola • 

The ali'ohol itself is found in many distillates olitamisl In dis 
tilliiif' (ilaiils or |mrts of |ihinls uith naler. lint m most eases it 
IS |iniliahly |maliieisl |nirtly or aholly fnim the esteis hy hydrolysis 
diiniig the distilhitioii Tims the iii|iieoiis distillates from the fniils 
of llinirlfum sp , ot f'lisfiKiirra wifim. and of .l»/Aiisr«s nrrfnhum 
ismtiiin ethyl ahsihol, ns also do those from the oil of the leines of 
Intligiijein gnlrgmilru. from oil of storux, and from grass and leaves 
nhieli hn\e liven iniKvratisl in very dilute sulphune avid The 
forerimnings olitiiiiusl in the distillation of oil of Kiimli/iilui) yloliiiltt* 
likeaisi* eoiitain ethyl nleoliul 

In the distillate from rose leaves ahsihol is found, Init is jaTliaps 
due to fermentation of rarlaihydrates, not to its pnaluetion Iiy the 
living |H-tiils 

Aeeording to Jlerthelot, honever, alrnhol is formed in the tissues 
of eertain gniaing plants, e g , wheat and hazel It is jmslueed 
in the veils of plants fmin earboliydrates by what h.ia Ihs-ii ealled 
* UlH'mitial Syiithema of Vital 1‘ruUuota," p. 45. 
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'* intnw'clIuUr n‘<tp r.itKin * Mlini the i-rlK Iiavr iiii jnNiilti<-icn1 

Huppl> of 4ix\f9*n 

IWdiH llii‘ triu* {S'lrcfftnmtfrrs ^p ) diIht iiiK'n) 

rtiui c't'rUiii looiihlH and iMi'lmo, aw i tipalih* of jmNliii 
alcohol from Mi^arh and other (arl)oh\diti(es .Sinhiis of Torula 
J/wro/ and, IhtnUuH 

iirif/i/f(r//r# // WA/irifin/A. l{ niti rtmmHuis it t^uwhniu 

tncilluji fHtsiottaHHH, and AtNffhiini<tn hufiflirNm an* anion^ (he ehirl 
(»f th(''tf ul(■oho)-p^)d 1 l( iiif; oi;;ani'tiii<< A Iin( of the \ra>>t'4 
and th(‘s(‘ otliei ferment^ is }ri\i>n h\ Mrlihila ' 

Acconhnu In liiv«‘Mtl;ratlons (nitied out h\ A II MiiielikotT.’^ 
ahohollc feliiiriitatloii uui take place in the hljjlieMplants, Inith 
nndei aenihie and anaerohir eondifioiis and is diie«l)\ telated to 
the Mtal aitiMt) ol the jilaiit oiiranisin, piitieidaiK to lisfnoHth 
In the presence of oxMfcn, tin* l(»riiiation of aliohot ih inereiiM'd 
Mheti tfioulli ]s retaided eith(‘i l>\ lii}r1i oi lou tcinperatiin^h. or h,N 
ehani;es in osinotu pM'ssme die to dls^ol\ed oittaiiii or inorffiinie 
aiihstaiiees Foiinatioii of acid diininishis with incnMsint; pnahie 
tion of alcohol, and 4'eas4*s fomplctclx hefon* the plant dies When 
the retaidalioii ot ^nnwtli is at a inaxiiniim the ratio <it earhon 
dioxide to alioliot appioaches lliat ohsorxed in pine alcoliolie 
feimentation Ahscnce ot owl'cii proinoles (lie ti imentation, 
owiin: to till mouth of the plant lieinu mliihiled 

Properties of ethyl alcohol. Anhx di ou^ ei h^ i ah ohoi la 

a nioliile eoloiiiIessli«|iiid |ni'>s 4 ssiiifta slii/ht hut a^iX'eahleHpiiitiioiiH 
(Mioiir and .1 piint;ent (ante and hiiriiiiit* with a [Mile lilue, non 
liinnnouh (lame 


BoiUng point. 'I'Idk u:i'. 

loljiid h\ Kopji 

* l4) hi‘ 7S r, and 

hv Mendeh'i IT 7S .'I 

at 700 mm 

1 pH'SMiie Fiiehh* ^ixes it ,ih 

ranmn^ from 70 30 

at 710 mm 

to 70 31 at 700 mm 

H \\ Menoiun' 

mxi'h the followirm an the hoiliiif; |M)iiitH ot ethvi 

aleohol at preMiinH 

trfMii oil to 2(Hlil iiiMi 


PoS'.llli 


I'm sHun* 


in Him 

II,. 

111 iiitii 


‘in 

22 2ll 

3VI 

.VI HI 

IIMI 

.113:> 

4(in 

02 H7 

i.m 

42 no 

t'lO 

O.'i .‘>9 

2<NI 

47 Ml 

.‘MNI 

OH no 

2:10 

.'•.2 17 

.'i.'in 

70 33 

3110 

.% tl 

OlNI 

72 13 

* hit fii, nil. 4'i >3 



• IMl /MW^ 

i»i7,e. ifil. 

Ht'i'J .XV Chun 

/»/. mio. 35 . is:*. 


* iHHotm. IVil. 92. <1 

* ^rifjtrA. MR^riv ('hrm . H'H, H7U 

■ TraM (%m. Sue, I'JIS, 103, 1132 
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Prwnure 


in uun. 

H,.. 

miiun 

B.p. 

liriO 

74 50’ 


02 .'i2- 

?iiU 

7624 

i,m 

04.78 

700 

7H.5(» 

1..100 

06 .75 

MN) 

70 «l 

1,600 

OK .77 

<H10 

H 2 on 

1,700 

10012 

l.(N)0 

Hr> 42 

1,600 

101 7H 

l.KKI 

H7iHi 


lOS'S? 

l,:jU(» 

00'32 

2,000 

104 80 

Acconling 

to Wnddrwnki and Olncnnki,' the ulllUfylllg point 

of eth,\l aleoho] ia 1.10 5“ , but a Inirr deleniiinnlion by Ijiulenburg 

and Krugcl* given Uio vaine 1123' 



Vapour pressure. Metriman given llic 

vapiiur pr(‘H)nm*8 

ill ViirioiiH trinpeTutiinn up to 2.')" 

ami between 

ftiu) \{)y as 

foiloUH . - 





V\POlTR PIlKHHtinE OK 

RritVIi AUH)llOT. 


f. Temp*raiureiifiumU'h'irt 



Pn’SHiiri’ 


l*n*>wiirt‘ 

IVinp 

III nun 

Toriip 

III iiiin 


12 0 

13 

28 1 

1 

12 0 

14 

50 5 

•1 

15 0 

1.7 

52 2 


no 

hi 

U 5 

4 

i:»o 

17 

nil 4 

IJ 

17 0 

IS 

38 7 

!( 

IHJ 

10 

112 

7 

104 

2t» 

13 8 

K 

20 7 

21 

1«» .7 

0 

22 1 

'*2 

40 4 

10 

23.7 

23 

72 4 

II 

26 1 

24 

.77 6 

12 

26*7 

2.7 

.70 0 


If. TrmfKntUirf^ fum O' to 107 



J*n*Hmin' 


PffSHUPl* 

’IVnip 

III iiitn 

Toinp 

111 llllll 


12 0 

W' 

281 2 

0 

170 

60 

5.72 7 

10 

25.7 

iVt 

458 0 

1.7 

52 2 

70 

642 .7 

20 

45 K 

7.7 

04)6 0 

20 

60 0 

80 

812 7 

50 

7B-6 

HTi 

0K.7 2 

50 

10.7 6 

00 

1187 0 

40 

134 9 

06 

1422 0 

40 

174 0 

100 

1604 0 

flO 

222 2 

103 

2007 0 


The foUowiiif! date, giving vaponr pmive and beat of vaportaa- 
Uon at variouK temperatiirPH up tn the critinil temiieratnn-, are 
duo to Young.’ 

> Cumft. mirf.. im. 90. 1140. 1325. > Btr., liXig, 32. 131!) 

* Setent, Pne, Aoy. IhMtn *^or, (N.8.], 1010. IS, 441 
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Hi««t of 


IViiipi'raliin* 

Vnp pn‘«Nirp, 

VApmiiMllii 

mill. 

(*llloll(M 

fi 

12 24 

220 M 

10 

23 77 

221 2 

INI 

44 IM) 

220 0 

30 

78 IHi 

220 1 

4U 

. 

21H7 

30 


210 0 

00 

. 

2i:i 4 

70 


2091) 

KO 

. 

200 4 

MO 

I.IMI 

'201 0 

imi 


197 1 

no 

2,33H 

190 3 

ILNI 


IK4 2 

130 

4 320 

177 0 

no 

3.0011 

171 1 

130 

7..I2I4 

104 7 

MiO 

9 300 

1.30 M 

170 

11 HTiO 

llh 1 

INO 

11 703 

139 2 

190 

IH,17H 

12K 4 

200 

22 101 

no 0 

210 

20.821 

10.12 

22il 

.12 I8l7 

hH 2 

2.10 

3M7*i 

70 0 

210 

l.'i.fiOt 

40 3 

241 

40.210 

33 U 

**12 

10,MI7 

28 1 

242 f» 

47 2lNi 

22 1 

213 1 

t'ntioul t4 iii|i 

17.k;8I 

0 


TIh’ specific heal at IfmfMTiitim'H fnmi Ifi" to 40 fi" in 0 012 
.KrhulliT]. iiiitl till* critical temperalare 242 O ut IHO m , I f^ani 
iit thi'* |Himt oc4'Up,> itix n vuluim* of 2 2 v (* iHaiiiwv iinO Vimnic) ^ 
l)oroHchi‘«i4k) ami Uak(mhk>‘ foiiml llu* h|km’|(u* of Hh}l 
akohul At 20' to In' 00)H. For mixliin'H of alt'oliol uml wat<*r» 
tlio NiMfifio hi'titM oviT tho raiiKo 22 to 00' non* fouml lc» lie bm 
f(»lloBH - 


PfR'fntiiBe 
«if alroliij 


Ilf hIi*(»IiiiI 

Hjierifiu 

liy 

iw'Al 

liy mi'IkIo. 


lUO (Ml 

0 039? 

4193 

0 9702 

94 43 

0 7089 

39 93 

0 9924 

90 02 

0 7390 

34 9H 

1 0116 

K3U3 

0 7732 

29 94 

l•02?7 

8000 

0M03U 

24 97 

1 0411 

74 99 

0 H309 

2009 

1 0440 

00 90 

0 8603 

13 00 

10422 

04 90 

0 88.39 

1004 

1 0300 

30 93 

09070 

3 03 

I 0160 

34 93 

09296 

000 

10U67 

3U00 

0 9489 




» Vfw A>y. Sot.. 1881, 88, 329. 

* J, Anw. Fkjft. Vkem. Sor.^ 1908, 40, MO; Cbtm* Zentr., 1908, 0. IC08. 
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AliTOHOL 


CHA?. 


Sp6Cific gravity. Ouhif; to Um lisral AM u'oll fiK t<i iu 
HCM-ntilic tin* s|K‘i iIh* }(ni\it\ of ethyl aIimiIioI Iiam lHH*n 

the Hiih)<‘< lot iiiimen)iiH In this eoiintry, the vnhio 

ohlaineil liv Kioiries,^ iiameK, 07!KlS itf l.'ifrioU', iiml the 
pniitieulU Hlentical niimiH'i found h\ DrjnlvMiiter.* 07tt3Ki, have 
iH'en tiujfelv lined In <hmiiri> the vnliii‘ (t7tMt> at loA /]ott° 
WAH udo|»ted h} Triilles,‘‘ and i‘in|)lo>ed for iiiAnv yenm, hut ha» 
been n>plaeed foi lineal puriMens h\ liata liaMinl on the uork of 
MeiideleelT ^ 1'hiH lll\eH(l^ato^, nhn^(‘ deleniiinatioiiK an* 
|iioIniIiK the m(b«t aeeiirate of all, ohlainiKl the folloMiiu; reMilts • 

At 0 ';i II0 HIMi2r»; 

' i:»'/»»', (17ii:*ti7. 

.. :Mr,;MI', 0 7MIHHi 

lleteired to the leni|M*ia(iiie l>7ti', ami e<im)Nii<*fl with uat<‘i at 
the Mine letn|NT.)ture theM* values eoires|Kiii(l luth II7IK1SI in 
I'K nto, nr In <)7il!r»l) in air 

More nneiil vvorkem (^ollllL^'' 1111)2. KUnoii and Norlm.** IlKHi) 
have found values somevvhal hiuhei than (liosi* of Fovviies and 
llrinkvv.iler lunielv, 0 TIMlIo ,iml 07!I1I1U ies|ieelivel\ On the 
i>ther hand, louer lesults even than Mendehrll s have Iweii puh- 
Iished, thus S(|iiihle loinid the speeilie eravitv 1171)115 Since 
theie IS diDieiiltv in elimimitiiu; the last tiaees oi water, the lowest 
value oiii’ht to n‘|iies<‘ii( the {aii<*st aleohol. piovided theie is no 
other Hoiiiee of eiror Sqinlih's result, hovvevei, has not been 
eonliinied, and it has Ihhmi siureesled that |N*rhaps the pie^'me of 
a little ethei uia,\ have I'aiisisl the value obtained to Ih> a little lower 
than the I ruth 

A eai'ehil review ot th(‘ most Iriistvvoithv deteniiiniitions indteatl'M 
iMemlehrlT's result, vvhieh eoMi‘H|Ninds with t)7!l‘)ri!l at Jab"; 15 0' 
(in air), as prolsihlv the most airiirate value of th(‘ s|N'eilie ^iravity 
ot ellivl aleohol 

Thermal expansion and specific gravity of 
aqueous solutions of alcohol,- The onlmarv tahles of 
nteoholie Ktn*imths at la aO an* jjiveii in tlw* aeetion on Ah’ohol- 
oiiietrv " The folhtwiii}; data, due to OslKirne, iMeKelvy, ami 
Ib'an’t*," allow of the M|M*eilie ji;rAVit\ of a(|ueoiiH nUsihol iiiixtiiroa 

heini; enleulateil f«»r any teiM|K*mture hetvv«*eii 10'' and 40' 

• 

' l%l IMT. 'IV) * TAW Mtuf. IHIK 82. 123 

^ (hth .Umf ,m\ * Inm« lai)'). 138. itio 

' liani Ch m , ll>n2. 81. '•17 
■’ Aikit> Will (Inti., IIHIII, 2. No 24 

* KplH'iiH'ii'., 1*IS1 .1, l%nNi , |iii), IH 1 I 4 , 16. 41, mill iaS5, 18, 117-M 
' /W/ f .S' liumtH uj ShiHfittnh Si‘H*iitirii' Pn|M*r ?Cii UI7 
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'riio tiMrilic prd\ily of iilntlid) nt 2't uns found to Im* OTHritHi 

^tnuil |HT V i' 

TIk* s|N>i'ilir ^rnxilv of \iinoii'i iiiixturt's of ali'olml and uator 
\»ii> drttTmiiiiNl at 10\ at 40'’, and at iMch irilmal of o 
(Ik'ho toni|MTatiin‘a From tin* ri'Milt**. tin* \alin*s of (lio co 
WlnioiiN III tin* folloam^ (*(110111011 al‘^‘ (aliiil.ili*t| 


A/>.. +a(f :*'»} +i3lf' k >(f 


lien- fK 11 

tin* H|K‘(*ifi(‘ craiiti nt 

•in\ ti*m|H*i.Uiir(‘ t' 

iH'tuirn 

til .lint PI , 

and Ify, Is tile 

s|M'iiti(*^i.(Mlv at 2.'> Tin* 

i aim's of 

tin* (‘ocllicn Ills a, fi, and y 

an* i!iu*ii 

III tin* follouiiiK 

M<‘i>lit>l 

S|> t-l III 




|M 1 ■< III 
ll\ »< 

.*.*• (•Mini 
]Ml ■ • 

a la* 

li in' -i 

III'" 

II INN) (Uilli U 

(1 't'lTliT f 


|S| 

:ii«) 

1 'Kl7 

(1 'iss.il7 

JliSI 

"HlJ 

• III 

•1 ust 

II •IMIil.l 

.HIM 

ls| 

-'.■»*( 

I'l 

(1 %7(ils 

iri,'ii 

nil 

|S(| 


li'««.*l H 

"ijj I 

III 

l(MI 

IM (iSit 

II 'I'rii'OI 

(till 

-*j(i 

17 

ni 'iss 

iMinvi* 

7(ss 

M.'i 

1 

m 'iiii 

II •KMl'i 17 

soil 

IJi 

1*1 

Vi 'i7ii 

(1 ss7i»M 

s'rn 

iji ; 

il 

TIKlI.' 

IIShliMP 

srisi 

117 1 

*1 

Ml II II. 

Osi'HIII 

S7II 

. IIIH j 

(1*1 

•MMI IT 

(1 si 1 »||| 

h 7 la 

n ^ 

.71 

M'l 'll 1 

oTsvn; 

a *1*11 

■77 

lii 


Witli (h«‘anl of thi'< talilc and tin* folloaiiiK oin* ffiMiiuari (‘xti'iidi'd 
r.iiiL'i ofaliohol |M*ii(nt.i|;rs. f|ii> ifii* ^^.'l^lt^ of an\ iinxIiiK'of 
iIIinI alcoiiol ninl^aatfi at .iii> ti'iii|i<‘Ritiii(* Intati‘n III and Pi 
(.01 III* (.iliiil.iicd from tin* foiccoin^ H)iialion 


III ollltl 

Sp ar lit 

Ul'illiol 

Sp jrr lit 

|H r ■•lit 

2.7 (liiini 

|N>I 1 1 III 

2.7 (inoti 

I'V \o iprlii 

|K 1 ( (' 

ll) lO'lpIlf 

11*1 • 1 

a 

(I ‘Ki7(lT7 

}».7 

(1 S;is7(l2 

j 

a wmv\ 

an 

a HNa'CNi 

.7 

(1 '.ISS Kill 

h’y 

(1 NT.il'Iili 

li 

0 1 

7(1 

a s(i:n(ii( 

1(1 

a imm 

77 

(I H71.13(1 

n 

n '173114.7 

Nil 

a hi'i] 1 i 

2(1 

(I '(11113*12 

N.7 

(1 h2(i.7!(f| 

2.7 

0 ir.s'Md 

INI 

Ohn(122 

an 

n <rrfi(i72 

11.7 

n7'KMI13 

sri 

a *2114.711 

IH 

0 7!»1I7II 

4n 

aii.iliK3 

11*1 

(I 7HKI.1.7 

1.7 

(»12()Ho(l 

KNI 

U 7H.iU.7H 

&u 

1l 'aMH.72 




Contraction. Alcohol H hygiviM'opK*, thoiiffli not n*mnrkiilily 
so It iM nimbln mth vator in all |ini|)ortion*> On iiiuinj; tin* 
two li(|uidr(, a rbc in t^miiioniturc fH'cura, and rm (ooIiiik the tiiiKtiiri* 

I. 2 
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Auxrnot. 


OIUI. 


to th« ori((maI temppratim’ tlipre is found to be a contraction of tho 
total voluiac, llic extent of the ilcrn'iuc dejx'iiding U|K)n the n-lative 
pni|KirtionH of the eoiiHtitiiviits The inaximiim eontraetion, when 
euleiilati'd as a tXTeentage on the Mini of the initial volumes, is 
given by a niixtun- containing one moli>eule of alcohol and three, 
inoleeules of water,' the anioiint of eniilmrlioii Ix'ing 3 (4 per rent, 
at liioli’ l{vpn'S!ird in another nay, the niaximuin eontraetion 
IS olilainisl hv mixing 52 volumes of alisihol with 48 volumes of 
water, and the volume of the resulting mixture (measured at 20° 
ill this i-ase) is !Hi 3 instead of 1110 
,1 llolmeh* has given a table showing the actual contraction, 
iiieasnnxl iii.cnliie eeiitimetn'S at 155li°, which oernrs when UK) e c 
of nieohol are iiiixihI with increasing ipiantitira of water From 
this table, it ap|x'ars that a maximum anioiiiit of roiitrin tion, 
!l OH c 0 , is reached when the mixture eurn's|Kiiids with one moleculo 
of alcohol to eight inolcriilcs of water. This is to be ibstingiiishi'd 
from the maxiniiim percniimje contraution, which, us statisl aboxe, 
las'iirs with the proportions (.yiiO.lllfjl) A |mrt of the table is 
given here b\ way of illustrnt ion 


Mixiiin* 




VollllllfM IVl l«'tll|NT.llliri' l.'t.'llp 


Actual isaihtu’ 
llOIL, llllhlll 
Mil «i( aliMilinl 

MK) c r 
1 :!1 <• 1° 

3 7V a. 

7 0:i „ 

HH7 „ 

VOK „ 

H7rt „ 

7V4 „ 


IVlI'I'lltaip' Calll* 
tint liMii, fiiit'ii 
Iiilfil tai stun nf 
IllltllU MllllllliH 
II <|i| 

:uu 

:i iiu 
2 01 
l KU 
1 OV 


HolmcH (IihIucoh from liix i‘X|)(*rinu'n(ii timt tin* truv inoli'cular 
voliinio " of otliyl nU'oliol m 3 22» that of water at tlie Kamo tenipcra- 
turc licing taken ok unity For meth}1 alcohol, the true tnolmiiar 
\'oluino deilueiHl w 2 23, and for tt*pK>pyl alcohol 4 07 
Appimnt specific volame of alcohol In aqueous mixtures.— 
Dr IT T Llnmii dtHlnrcH from the following ronHideralions that 
\iith verji dilute inixturiHi of alcohol and water there is an exjuuDMion 
of volume iitHU'ad of a contraction ^ 

The apparent 4 )oetfic volume, i f, the volume occupieil by unit 
weight of alcohol, may he expressed by the formula 
l-[D-W)IW. 


^ Omhain, Phit TVam, I Kill, lU* 373. 
* TrtiHi. Ckm 1000. 89. 1776. 

> Analytt. 1916. 40. 379. 
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m 


wlipp* /> ih Ui<‘ M|N*iilir f(r<i\i(y nf Um> iiiixlim* u1 hihI 

VK Ihr uf iii in 1 1 * v nf llii' inixf un* 

The valurn of th<‘ hjMTifu* \oluim' for of 4oni|iuriitivol^\ 

luH ttloobolii* (*oiin‘nlnvlioii nn* ({ivon in (he followiii}; ttiblo. * 


■^11 iir, uf 

0 Siss 
» 

0 UiN) 

1 

ii 

I 

Ti 

li 


0 IKItl 


\ol uf 

I t7n 
I 173:! 

1 I7.VI 
I 1770 
I I7HS 
I |Mt7 
I IKIH 
I IMI • 
I Iv'ill 
1 isi>: 

1 IhTi 
I IMNI 


ThlNC VilllM'H triuiscnl till' \oluilM' 111 <N'(ll)lMl| l>V I fflllJI) 

of tilioliiil at till' dilTcn’iif loiKi'iitratioii}* uhoii thr loliiiiic iliiiriftcM 
Ah' All llironn on tin* iiliolinl 

'riir ii|>|)<iii‘iit N|Nn'ili(' Mfliniic of the coiitaiinti hIi'oIioI jiicrfiiM'M 
sloadiK iiitli III!' (iilulioii it fiilloivH tliiit on |n<ifrii‘toM\i' dilution 
M It Inn IliiM Ilnllt^ thr ioIuhm' of llio mutiirc imiM o\hh d I lie hjmi 
of till' initial loliinn s of ilic (oiiHiiliiriilh. mi tlint an a< Inal itH'iviiM' 
oi loliiim* rniiot ouur inMi'iid of llir loiitiaiiion Mlinh is olaarvod 
a* IndoT (oiuditiatioiiN of alioliol The ciitnal |nmii( at mIui'Ji 
dilution t’ciws to iikkIikc loiitruclion and hi'ifins to t;i\o riw to 
«'\|p.insion oci'iirs at a conu'idialion 4orr('N|Niiidii]|( \('iy iirariy 
uttli til*' ttiMfihr ^rraMtv tiiNM2 This ixmit nould mtiii to niaik 
the i'oin|il*d<st fonn<itioii of a dcliiuto iili'ohol liidniti*. diiriiift tlio 
furniatiiiii of uhicli <sinliiiiioiis (‘ontiiii lion takcM plair, and tho 
expansion uliiih iksuib on Mill fuillii'r ftilulioii may hr rcftiudcd 
aa All expreoaion of prognsaivr dis'MMiutioii of tins liyliAtc 
A hydrate haMii^ the roiti|Kisition (* 2 Hj OU.HH^t) Mould contAin 
2421 jior fX'nt of ahohoK and dilute alcoliol of K|Ns]fi<' ffravity 
OU652 contaiiiB 24 K2 |M‘r ci'iit (by Height) 

Surface tension.- At 20 '', and for Hleohol ot tlh 54 )H'r cent 
strength, the aurfai’C teniuon ia 20 0U dyni'H {mt rentimrUe 
Refraction.—Thi- nfraeUve tmltx of i tbyl almhul (or tlic line 
H, in I 3667 (Bnihl) 

HolmeH' hoti detcrniinrd the indicm of rpfraction (.V^) at l.'i.l'' 
for wious mixtiurs of acohol and mfor, and aliona that a jiiaiiinuin 
value i. given by a mixture eontainiiig 7U 2 per rent, of alcohol by 
weight. An abridgment of hu table of reaultH is as fiiUowa 


* Troiw C'ilicfn. ShCf 1013, XMt 3105. 
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AIi( *01101. 


rHAP. 


MoIimiIui iiiixhui' 

i(Vi«i Ml/* 
2C/I/*.H/* 

<’/i,o.-*n/* 

('in.n.iH/) 


Vnliir itf (A'J lit 15 5 , 
1 50315 
I 30571 
1 341051 
1 30(»3(l 
1 30408 
1 34il5i 
1 35HK3 


'Hu* iiiaMMiiiin v'hIiu', cDrn'HjNmding uith lh(* ]in)))r>rtion <if iilcdhol 
Hliitfil ilInixc, ih 1 tiniiOl 

iliowniiig aiul found a iiiiixiiiiiitii valui* of tlio Mnu'tivo 

iridox, at .‘Ml', uith a niixtiin* (‘oiitaiiiirig about TK^.I |M‘r iTiit of 
all olio) bv uHght 

li W Aiuircuh^ guoh the n^fruotivi* niik‘X (/i) of alcohol agaiiiht 
air aa I lloim ± (MKHHll a1 , and Uic ndrartuc cn||^t.ll)1 
(A'„ l)V/ an omU whilst (#*„ 1)/// 4»4r>77!l With the 

/cihx iiiiiiH'iHion n'fiactonicliT, tin* n^adiiig obtuiiird wuh Kolill ± 
tnrj The tmixiiiiuni value of the n'fractive index was given 
b\ a nnxliiie of 24) 7 |ht cent of water and 7!) l\ {N‘r cent of aleolio). 
eon'cs|)onding with !U'jll„ 0 , 2 ll 40 This imixiiiium value is I Mlllo 
at 25' 

Th<‘ indues of n'fraelion tor various nii\tim‘s of elhvi alcohol 
and water at tein|N‘iutuies between 1.5 and .5.5' and for the MNliiiin 
lavs, have also been deleniinied b> Donwhewskv anil Dvoiseliant 
sdiik^ Some of the |irinei|Kil lesiiUs are as follows 


Aliiiliol 

IM'I Kill 

S', 

.v;-. 

AT 

V.- 

All ‘ 

li\«(ialit 1 

0 

1 33315 

1 .1318 

1 :i:io9 

1 :iJ<Ni 

1 3Jsl 

hi 

1 340.MI 

1 33st 

1 3398 

1 .1310 

1.33.1*1 

JO 

1 31778 

1 3150 

1 31.Ml 

1 3400 

1.3:i*):i 

.30 

1 35170 

1 3510 

1 3181 

1 3452 

1 . 31 : 1.5 

10 

1 .15918 

1 35.'iO 

1 .1518 

1 3181 

1 .3108 

50 

1 

1 3578 

1 3513 

1 3.500 

1 .1188 

IMI 

1 30.VO.t 

1 3597 

1 35911 

1 3522 

1 3.501 

70 

1 39015 

1 3908 

1 3570 

1 3528 

1 3.505 

SO 

1 399*10 

1 3011 

1 :i.599 

1 .1.525 

1 3502 


1 :i99J9 

1 390:1 

1 TM 

1 351.5 

1.3491 

llKI 

1 39332 

1 3573 

1 :iA3i 

1 3487 

1 3105 


These authors fiaiiid that the inthience of tein]x>ratun* u|k)u the 
index of n*fraetion of Hit* iiiiYtures could Im‘ exjin'ssetl by the 
fYluation A\ A'a ’ll |- kt), where it is n Auistoiit and denote 
the teni]ieratun>s 

1 J Hoc, Vhtm. /H(t, toil, 33. 819 2L. 

* J Amr rki‘M Sm. ltN)8. 30. .353. 

• J ItiiM rAv< . IVUIk 40, UUK-931, ('Aem. Zentr, 1008, t, 

1590-71. 
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Dispersion ol ullra-vlolet rays. Tli<' irli.i. lur imlm-h kI iiu'||i\I. 

iMlivt. (iiiil |in)p\l tilfiiliiiK fni »,i\f lrii!:ili \ l:l(Ki ifl.'iil 

hi\(‘ Imvii iin'iiMinil In \ I Inin * The iiinlfi 
(WWI'I (Mil lie iK'i'iii.ilcIv rcpri'^'Iilnl li\ (li,- l.iiiiiiil.i 

.1/ B* I ii4/IV„ 
it b - i -2 „ 

1'lic i.'diic'i Ilf till' (iiiisl.iiil.. If I'j ,111(1 1, mIikIi liiild (iiiihI liiiii) 
\ iMli:! In 2l.'lll. ,iin 

41 I* 

M< ili\t t IMJ |<)(>{ 

Hh>l lJ7i»T :i7JI \:vi 

I7ii.> mils > Mil 

Electric conductivity. TiKM'icitin miMitKiiMix oirih^l 

.111(1 (>! x.ltloll’B ol .itiiilml .111(1 M.tlci, li.is liu'il 

llch IMIllH'll l>\ DoKiM' icuskv .111(1 I«<IS( h(|<*s(\( ||vK> - TI|(‘^ |MIII 

llt‘(i till .iliolio] h\ l(‘|MMt(’i| i||..||||,l(lon o\<‘l aliii (lie 

M.ifri iiv ili’^iill.ilioii Ikmii liulioMih |i(i(ii'.'iiiiiii |Miiiian 

tMiKiti . 111(1 pli(K|ih(>ii(‘ .If ] I Dm ll■s|||(^ iiKi.iiiicil tit l.'i wciciih 

fii)|(»Us 


Mx.lh.l 




!'• 1 .. 1,1 

( l>ll■l•la h* It\ 

r< 1 o III 

1 iiinliii iimIv 

\tiii.'hl 

r • III 

l.\ HI 1,‘lit 

{S III') 

o tl 

11107 

III! 1 

0 'J1 

J ii 

0 010 

71 1 

0 J I.I 

1 l> 

II .Hi 

71 Ii 

(1 its 

JO 1 

0 111 

Sit 1, 

0 Jls 

JS J 

0 11.; 

Ml t 

11J I'l 

*17 1 

II _''tl) 

01 1 

0 Jl'i 

U J 

II J17 

010 

II loii 

.ril 1 

IIJII 

OH 1 

0 1‘1 

.‘ill 0 

II JIO 

IlHMI 

II1107 


Till ri'l.itioii till s|N'( iIk ((lll(lll(‘tl\>l^ X .111(1 (lit* I oil 

lOlltlllllOn. (' ol (III* «(l(o||o| 111 l)l( llllstllM'V l.lll Ih* |(•)»M•H*ll(( iI 
(III* <‘i|ii.itioii AT .1 conHl.iiit iIk* \.ilii(‘ ol (Ilf (■(iii-il.int 
<li‘|N‘ii(|in}; hou(‘\(‘i. iijhmi tiu* ((*ni|Ni.ituH' iumI ii|Hm (lie iIi'kii'i* 
Ilf piirilv of tin* iiN'oliol iiml ihi Malt'i 

For mixtiiri's (‘oritiiiiiiiii; in to "in |m i (cnt ol .iliohol. (Ik* icl.ilioii 
lN*(u<rii till* viM'(Hit\ A (lu* (*i>Miliii tivitv A 011(1 (hi* ihcliitrir 
cnnilant />. ctiri Im* n*|)n*sciit<sl Ih (In* (iiimIioii A’a 7> ii conhtaiit 

Electrolysis of alcohol. Acioidinif to LoImukI iaoirii/.A 

V'hoii <'th>l iil(‘(M is M^tnikscrl m >.iii)iliuii(‘and holiifioii tlir 

* t'tmftl mid. 1914, ]5S ls*lj 

* J Phifi TAon .S's . rniK. 40, Hk7 !I0S. ('htut Zmlr., MMIS. 2. 
15KH. J .S»c rhnn /ltd. 1*KI'I, 28. X'll 

* ** EkclrtKluniMlry of Or^uiiK ( uihikiuikIn," IlHHl, |i HU. 
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final |inxlu('l» nrr iilflcliyik'i ucctir ChtiT, Lirniic i'hUt, ethyl sul¬ 
phuric acid, and cthylidciic oay-cthyl ether (OH, CH(OH) 0 0,H,J 
In tdtrie oeid suliitinn, in additiim tii Ihew uxidatinn juoduets, 
earixm derivatives of BiniiKinia have been observed at the negativt 
|K>le 

In hydnx'hlorie oeid solutions, ehium-oeetic acids oeeur, as well 
as oxidation prisliiets, ulidst in alkulino sidntion an aldehydo 
n'sin is olitained h'inolly, aith alcohol in aqueous soliilion, after 
addition of |s)tassiiim aeetate, tlie pnidiiels aem ethane, earhon 
dioxide, aeetie ester, and potassium ethyl earboiinte 
Dielectric CODStant.— Walden* lias found tho fullnwing 
values of this constant for ethyl aleoliol.— 

T«‘ni|ii'ratiiru IJicI niiisl K. 

ir»* :!KH 

18,V W4 

IU2* 2U8 

Electric absorption.— Th« followinj; data un- doe to 
I’ Beaiilanl * Kor eonveiiienee, the lipiireh n'latiii); to nietliyl 
and pnipyl alcohols arc also ineluded. 



Jjt'iiKlIi tif 

Tnii' 



mivf 


h|M‘i intliii 1 


Mt'ln**' 

|N>Ai>r 


iiUiiIidI 

M3 

:i3 3H 

2 r>i)7 

\ .w 

33 31 

I3(K( 

Kl liyl iili iiliol 

M3 

i35 

25 

25 

3 7(11 

4 585 

l*ro|i>l Hlittluil .. 

M3 

1.132 
i:i 31) 

3 317 

4 1I.V) 


Specific inductive powers of nnxtuns of ethyl aleohol 
and water (Ileaidard and Maury) ’ 



Appiin'iit N|N*t‘ 

iiuluct, poKor. 

.VIoolittI, 
per mit. 

A 3.1 m. 

A <■ 12 m. 

HU 

4 070 

3 084 

07 

4 775 

3 82.1 

fifi 

4 048 

4 00U 

00 

4 531 

3 700 

H.1 

4312 

3 480 

80 

4162 

3.105 

70 

0120 

3-802 

00 

5 761 

3 903 

50 

5-144 

•3102 

40 

4 502 

3 029 

30 

4 501 

3-586 

15 

4U5U 

3-456 

0 

4 418 

3-502 


‘ ZeiUck, pknuhil. Vlum , 1910, 70, 973. > Campt. rikI., 1910, UL 96. 

■ Jam, dt 1‘hjit., 1910, pv], t, 43, 
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tS3 

ITir molecular magnetic rotation dC 1411)1 uIi'oIkiI ««a found bv 
IVrkin' to he 2 78(1 

Solubility of alcohol in water.- nlri-nd) htetnl. 

alcohol is inisclMe uitli water iii all |ipi|airtioiis, hot Wrolli and 
Ki-id* have devlMil an ingi‘nio)i'. iiii-tliial of (hr " ideal ' 

M)luliild)', baMil n|a)n the \nliie of thi' {Hirlilioli-eoi'flii lent ol 
nleoliol iM'Inren nater and eoltoii mihI oil 

If .S, and iV, n-pieaent n-aiailnely (hi- uiluhihtiia. of aleohol 
in Wider and in the oil, (\ and (\ (he eonieiitiatioiis in the miiiii' 
two Milventb at ei|iiihhiiuiii, and I the (aiilitiun-iaa'llieienl, then 

A',.A t- 

By delerniiiiiiip e\|H'iinienhilly the )ini|ioilion of tileohol in the 
ni|iieoiis layer iiiid in the oilv hnei after (In- iiiialiire has la-eii 
aliakeii ii|i .iiiil alloweil to M'|aiiate, the iidiii-i. of (\ and 6'^ ale 
found, and then-fun- the iiihie of 1 u. known It wiia found to Ini 
28.7 at 2."| 'I’lieii, h) ih-teriiiiiiiii)! the viihie of (-\]M-iiiiieiitall). 
the Millie of I an he lali iilaled 'riiii-i i-tliyl aleohol mm found to 
dmsolve III the oil lo the eaU-iit of 21 2 (traiim |N-r Itld e e, whellei- 
fiSj 28,7 21 2 IkSI Kriiiii-i piT KSI e e 

Thi-i n-|in-ieiils the “nli-iil " .-ailiihilily of ethyl nleoliol in water 
.It 2.'i , whieh eoiilil he leiiliM-il if watei anil ah-ohol wen- Mi-iairati-il 
In a M-iiii |H'iiiienhle iiieiiihiane thioiiirh whieh onli the ali-ohol 
iiioli-i'iileN eiiiild lUiHN l-'or ilietinl aleohol. the eoiieNpiiiidiii;' 
Iiiiiiilier IN rail.’ the viiliii- of 1- heiiii; KKI li and the Milubihty in 
eottoii M-eil oil 1 84 (riaiim jk-i 1(1(1 1 e 

III the toiegoiiiK e\iK-riineiile. the nii\tiin-i. wen- hliakeii for an 
hour 111 a hath kept at a loimtanl teiii|N-iatiile of 2.i . .\lMiiit 
thnv weeks' Ntandiiig, or sie hoiiia' ceiilrifiigiiig. were n-i|Uited 
iH-fon- (he latera hia-aine i-h-ar 

Viscosity of ethyl alcohol and its aqueous 

mixtures.' Ethyl ah-ohol and itH iiipii-oiis wiliitiiaia form 
useful Htanilanl li(|uids for testing viseoiiii-tera, within the ningi- 
of viaeoMtii-a obtainable A iiiixtiin- of 4ti pi-r ii-iit by voluiiii- 
of ethyl aleohol and water has a viseoHily whieh is almost exaetly 
four times tliat of water at 0" Binei- Uii- viHeoaity of aleohol- 
W'atc*r mixtun-H jiasses through a iiiaxiniuin at this eoiux-ntration, 
the viseoaitv dis-a not e.han^ rapidly with the eoncentration, 
which is a marked ailyantagi-^ 

The following table is ahridgixl from one eoiiipili-d by Bmghani 


* TroM. Chem. iSoe,t llMtS, Up 

* J. Amir. Chem. Soe. S8. l!3lft 

* Tlie vdwf 30.1 w giten by tlie but thu appeals (« be an 

aothmetical error. 
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V ETIIYt ArjCOlIllli (ilt'ritltKNTK I’llOl'KRTIIS^ lAA 

anil Joi'liMin finin tin- iiiiM tiu^lnorlhi ilala in.iilalili-' Hu- 
unit h till- " mitiimisi'. mil-liiiiiilii^ltl, „| ||„. ('(IS 

unit Ilf Mm iiM(\ (' |HiiM-. fniiii |*iiiM'inllr| 

Kiir MIIIII-iiuri«iM-s ... Ui iim-O n- lliinliM iiisli iiil 

of (hi- viM'in-ili , iliiv 111,. I,., ||„,„.,,| „| 111 , ,.\|,„,.,,,i 

111 /aiimn Tllll^ III,- Hill,III, „f liKi |H'r ,-,-iil .il,,>|i,>| „| ii „ 

ril0177:i . -Tli t, ciiiil ,|| to , I niHiSIM ||!l<l 


hitll/ISl. hiisi-, <t| MI\|iKI«t* 


*’n»/mt' 

(Slalll^ hioll 
lt> |(Hi jiaiii« 

1' |i • /III,; 

iitiuiis htiill 
III loo ^'iillns 

(HMIlt 

<)l Ullli 1 


tit Willi'l 

1 it 

J It > 

IJ 0 

J7 It 

- 

> ■* 

II 

M I 

.1 

7 M » 

III 

1 1 1 

1 

hi ii 

Is 

.10 0 

’» 

no 

.'•* 

1 : s 

u 

I'l 1 

JJ 

lit h 

7 

17 s 

.M 

.'mi Ii 

s 

i'l s 


•'ll S 

•I 

Jl 0 

.*s 

I'l z 

JO 

-M it 

<0 

ill Ii 


li.llillll lh‘i ( hull I'l,If 

IJo 

|\; nMi, 20 

TO n 

JJI 


In ii siiM ^ o| iniul< »itli a \ ww 1<> ii'.i i iliiin him lai 

tiu (i<*|ii4‘>«H|(in lit tli(‘ liM/inu Hiiild hr iim'iI a^ a iil 

ilrtititiiiiiiit; aholiol in rliliiti '>ollltl<ai^. I! Caiiiit nhtiiincd tin* 
following ii’Hilts- Hn kinaiMi was used, and |Im> 

iKr/aiiL' iiiLNlnii' nf ni* widn and s.ilt k<‘|»l at ahmit 8 


Mtiiiltil III loi) t;|iiiiii 

latiUt tih^ "I 111 • /iii|; 

i it|l llllltl ll (il 1 II list 

tlf H(,|lltl<lll 

|Ml||lt, I ■•lll|l,||. (I 

Im t III Ii 1 |M 1 11 III 

f trailit 

ultli Ih.it 111 iitih 1 

lit III' tilitil 

1 0 

0 IJI 

0 IJI 

JO 

0 H |0 

0 IJI 

no 

1 JitO 

0 IJ 1 

1 0 

1 001 

0 IJ*I 

.10 

J IJS 

0 I..I 

H 0 

J .iliJ 

0 IJ 7 

7 0 

nol.i 

0 lUl 

KO 

.1 >i:> 

0 110 

JO 0 

1 .US 

0 l.u 

IJO 

. 1 . 10.1 

0 107 


ThuM uitii tlir Inucr |M‘m‘iitHp‘s tin* hm'Minf; rd thr fni'/in^ 
IXMnt iH ])ro]HUlionaPto tin* qiiaiitits of alroliol. but at ahnut 7 ])f’r 
cunt and beyond it iN'romuH Hcnhibb gn'iitur 

* '*KtaniUrd SulihtHiKM for tin' t'aldfrattoii <if VimouHits,’' Stiuntilir 
Pa|N*r Xo f .s llurmu 0 / Suuttiftrdt, p 77 

* Zetiseh. anal. C'Aim., 4ft, 10ft. 
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ice 


HoiLiht; jfii.'tiN or AgruMiN ir,n>Jioi. * 


.Ml (iIhiI |n I 

I'll! liy wi'iKlit 

(i) Al 7U0 tniii 

(i>) At 760 nun 

(III) At MN) iiini 

n 

97 Tr 

KNl' 

lot 44^ 

10 

HU:!H 

91 47 

92 H6 

:»> 

M H9 

87 05 

KH 43 

.10 

H3 12 

K4r)H 

HTiOt 

10 

SI IN) 

s:i i:i 

1M49 

.'S> 

79 7H 

hi •>! 

h:i 26 

hO 

7N 92 

Hi 04 

K2 38 

70 

7SU3 

HO 14 

HI 47 

so 

77 22 

79 32 

HU 64 

90 

76 46 

7hr>4 

79 Hli 

too 

76 26 

7K 3.7 

79 66 

|I.'| 57 

76 16 

7h 23 

79 54 

* iXiniMtM'Ws^) 

amt I’liliaiiMkjr, 

J Huai Hu/i 

t'hm Sot , 1916, 


No;^cn and WiirfcU found that uli‘4»li(il ctiiitaiiiin^ K tu II jnt li’iit 
of uiiliT taiila at 7K 2()' to 7S 27" 

AZBOtropicmixturOS.- Ali-ohol ronnh.iy.i^oti'ojMi* inixliiii^ 
vitli aider -if. inixlim'K alucli dialil at a (otiNliud li'm|N*ialiiie. 
alien the pre.sHiirc> m kept (‘oiiHtant. aithout eliiinge of eoinpoMlHni 
At the Htandaid pn'hHun*, 7(1(1 nun, the Niixltm^ of constant 
lioiliii)' iNiint" dMils at 78 15'. and contains 4*l!l {H'r mil of 
water (hy weiglit) ^ Since (liia leiii|N'ratiiie ih lowei than the Ik)iIiii}{ 
|Ktinl of either of the two eompoii(>ntM, it is iiii|iosMhle at onlinaiy 
prcHHim^H to ohtam ]aire alcohol fioni a dilute aipieoiis solution h} 
fractional diatillidion ; aoine di'h^vdialin^ afieiit is iieeissaiy 
The eoiii|Hwdion ot the aiuMitropie inixtun*, as well as the lioiliii}* 
|)oint, de|H'iidH ii|K)n the ]nes.Miie eiii]>lo\eil The iollowing talui'M 
were found by K \V. Memiiiua — ^ 


I'li'Mtiin* 

14 ]> of 

Wall'), 

It |i of 

III nun 

iiii\(Mir 

|HT (Tilt 

ali’oliol 

1151 3 

t«i 35'’ 

4 7.1 

91.18 

1075 1 

87 12 

4 6.1 

87 34 

760 0 

78 1.1 

4 1 

78 36 

404 6 

6304 

3 75 

(>3 13 

I9K 1 

47 63 

2 7 

47 (lU 

126 7 

3926 

1.1 

39 34 

94 9 

33 35 

0.1 

33 38 

7U 0 

— 

00 

27 96 


The ratio of water to aleulioi is thuH dnninlahtHt utt the prossuro 
ia lowered. Kventually a u reaehiHl below whu'li on azeo- 
tropie imxtim' (binary mixture) ia not foriueil, this oeoura at 
prewimni 1 h 4 ou* alKUit 80 nun. Under these conditions, anliydnius 
alcohid is the more volatile phase* present, and it is then jiosiublc 

> J. jmfr. CArM. ^’iir, lUOt, 28, 4ti7. 

• Younn, Tmnt. Chtm. Hoc , ItWS, SL 710. 

* Jbut,» 1913, 108, 635. 
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to McpAmti* abfldlutt* iilniliol frmn tin* M«t<i in oiflhmrv Htmiije xpirlt 
by HyhUiimtK* fracliitnai as hliuuii iii th<' Intit lim* of 

tin* table * 

l*\»r Iho Mime reason, iiltlioti^li kIcoIkiI. eontnin to the piieriil 
belief, i« not spi*ei.i)l\ b\Krttseo|iic‘. tin* |H'neiiliite of water in 
iiiolht ab*ob(»l irt sloul) jtUTeiiMsI b\ e.\|M>siiiir it to air, or evtm lt;i 
jHissiti^ dry air timniftb it 

M Wiewski^ Itnds that the aMsitrofae mi.xlim* of aleohol and 
water iioa the fnlbmin}r eoiii|MKitioii at liie ten)|H‘mtutes hIiowii ’ 



.Meiiliiil, ]ii r (‘l•n( 

3'I7II 

III (1 

r>4 HI 

Mi j 

74 7r 

11.17 • 


Ktb\l aleoliol forms with bi‘n»‘ne also a nuxliiie of eonstaiii 
iioitiiif; |Miint, bS2.'>'. at iioimal |>iessiir«\ and with water Ibest' 
two Iniuids Ki\e a teniiirv aMsilropie iinvtiiie InoIiiik at u still 
low(‘r leni|N‘i'ature (tU So ) lbis«<| on tliese |iro|M‘i1ie)» an iiiftdiimis 
rnetlKNl of delndrittin^r alenlioi baa Ihs'Ii destsilNsl by \oiini{’ 
If laiiztiK* In* tiddisl to ii mixtiin* of aliobol ami watiT, and tin* 
whole distilled, the lerimiv iiiKtiiri* of all tbriM* ll((iiids will eomi* 
over biat, sirns* it has the lowest IniiIiiik |N)iiit If tlieie 

IS mote than Hiillieienl ))i*ii/ene to iair> o\er llie whole of tlie 
water, and if the aleohol is ]iR*sen( in exi-esh. the teririii mixture 
will be fotloweil by the binai^i mixliiie of aleoliol and beiixem* 
iHiding ut t»S2.'i , am) the last Milisinme to isiiiie oier will be the 
aleohol, wlileli shouM now, tiieoielieulU, In* flee fioiii water In 
jirai'tiee, liowevi-r, a Hinkle o|M*iwtn>ii d«N*s »ol nuHks* eoni|iletelv 
to eliminate the water e\en when a de|ible^niatinK eobimn ia iimsI , 
but by rediHtiHinK the |Kirtl\ debulrated aieobnl oms* or Iwns* 
with a further quaiitlly of benzene, the water e.in be liiially n'inovisl, 
and ab,*K)lute ' aleohol oblaiinsl I‘Ii|urI weijfhts of iHMizene niid 
alcohol of 11!) pi*r cent alFcnKtli (b) wcikIiI) may In* cm]»loycil. 
and tim dwldliite colhs'lcd in fraelmna (s»rn*h|KmdinK with the 
IMimtM (17 fi 73 ami 7S 3 ’ fur the nroxcri of weak alcohol and 
lH*nzi‘ne; the remainder in the still w the more or Icjw eoniplctcly 
dehydrated alcohol 

W R G Atkins * (Niintn out that thia mclhcsl eon be apiM 
to the dehydration of organic tissues, thus avtading risk of oxicln- 
tnai; and also to the preiiaration of ardid ehcinieal coinpoundh 
in the anhydrous statu for analysis. The sulwlanci* is placed 

* Wmie awl Memman, Tmu Chem. Soe , 1911, i9» 991. 

* /. Him. rhtm Sor, lOlU, 4S, 1 35. 

* jtof €tt 

* JVoture. 1915,N, 118 2 Treiw. Chtm. Sac, 1915,107, 910. 
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in ttn* (liHtilhition flask uitli alcsihf)! and a Muilahlc quantity of 
Iii‘ii7.i‘ii(< \Vhi‘ii all till* tiirhid tiTiiary iiiixtnn* of (snislant iHulinf; 
|Kiint has his'ii rcniovisl iiy dihtillation fniiii a uattT-hiith, the 
rornainiiiK niixtiin' of ahsihol and In'iizonc iiiii) Ih* ra|»idl,\ diHtilksI 
auay. and the last tni(S‘M eaii lx* eliiiiinat(‘d in a \a<’iiuiii desiceator 
liv adjiisiiiiK (he qiiantitioH, either alcohol or henKene can be 
olitained an tlie linni liqiiul 

The (mo isonieru' ms>(\l(‘ne diehloridist alao form binary inixtun'H 
mill alcohol, and ternary iiii\tim*s Mith unter and alcohol, boitiii}; 
at hiu teiii|MTiiliin‘s They ran ther<‘fon> Ih* iihcU in the sanie 
mi\ iiH beii/i'iie to obtain alauilute alcohol For tlie immiht of 
bp lire binarv mixtiin' boila at 4(15" and the teniar> at 

Ml', for the other iHoriier, boiling at (11125'. the eorres[)ond]ng 
inixliircH have the iHuhiig pointH 57 7" and 5.'1K'' n^peeti\el\ > 
With elilonilorni, alisdiol forms a biitaiy mixtiin* rlistilling at 
5114". the eoni|)osition of the nnxtiiie being <):) |h>i' ci'iil of chloio 
lorin and 7 |N'r cent ot alcohol A t(‘niar\ mixture boiling at 
55 5 'has the coni|KHition ehlorofoim 1(2 5, alcohol t(t. and uatei 
:i 5 |H'i emit ^ 

As noted b\ Atliiii>«,^ azisitropie mixtun's max MometiineH aerxe 
to idenlil) an iinkiiomi liipiid 'Pile identiliiMtion of a liquid bx 
itH boiling |)oint is posMble only when the liquid can be purilied 
prex ioiihIx'. and in dealing uith Hiiiall quantities siuh punlieatioii 
IS often a diOicult matter It max liapfNm. hoxvexer Hut another 
liquid can In* added, with xxhicli the iiiiknoxxn Mibalaius' uiil fotm 
a niixtim' of constant iMuling point, so that the unknown liquid 
max Ih‘ ideiitilhsi in thia xxa,x For example, benzene xx.ia added 
to a liquid Hmelling of alcohol, and (he niixliiie uus distilled The 
tem|M‘i'alure rmnained I'onstant for a short time at 5KI15 (the 
iHiiliiig point of the bimirx inixtiiie of mcthxl alcohol and ben7ciii‘). 
thiiH indicating the pri'simee of metlixl ahsihol. and there xxen* 
other halts at (UK', (iH25', and 7K!)', thi>si> being r(‘H|MS'tivet;i 
the iioiling |Miuits of the iiiixtiireH ethxl alcohol uater iH'iir^mi*. 
aleolioi iNSixeins and of alcohol Hence the liquid (smaisted of a 
nuxtiin' of niethxl aleolioi, ethxl alcohol, and a tra(s> of xxnter 
Alcohol as solvent. Meohol in one of the most iiKeful ol 
aoix'enta. hoth for organie and inorgaiiie suliHlaiieea. hut eapeeially 
the former. It dissolv'es halsama, eaaentiul oils, istera, fatty aeids, 
hydniearlHuis, n'siiis, MMqw, angnm. moat vegidable alkaloids, and 
a largi* numlicT of ])harmaeeutu‘al ilmgs kiioIi as tusdaiiilide. eaiiiplior. 

' 1] Hull Stic thua //((•/. I'MX 27, 

* Wade iumI Kiiiiieiiioic. TruHit Chm Stir. MNM. 85. 1(45 
' lari/^A/, MU Ik ti, 3.11 
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ihlnnilainuh-, niiil Tli.' lix.il mU uml 

fall arc init h|iarin|>l\ Miliililr m aluilml. a imtalilc •'\i'c|)tiiiii, 
hmicvcr, laani; ca'.lnr lal. almli i« ilixsnKnl Aa n’Uiiiila 

iiic)iK,(iiii' sulMaiiccs. .iIiiiIkiI <liN.i>hi», tin- |im|ii.xi,|,s „f n,,. alkali 
iiii'tiila hut not (lie i-iirlioiialfs Aiiiiiiniiiiiin rlilnrnlo ami niili'i'il 
IIIIM of the eliloriih“i wliii li are n-ailil\ soliilile in «.itei, an- ili>niheil 
liv llleiillol The follonill)! (.llile of (he -.ohlhllllx ol MiriolH lllk.lh 
halidea in iiiethx I anil eth_\ I aleohoU is ihie lo Tiiiiiei anil Missi*tl • 

ilimis III isim.iKiis sill iiissiiiMo i.i iiaiiaiius . ll■llllllls 

^1 J'l 



M.llol 
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•Sitiiir of lilt* ;itr disMihcil U\ >il<o)iol. 1||i> 

sulpImti'H (Ilf L'onrnilU I'wiliililr IMi(|ii('N(><'n1 stilts jih* iisiiiiiK 
soliililr Jii alioliol. |MitiiHsiiiin (•.‘(tlMdulc lifiiif; a imltililo fM’i’iition 
to tins uliilf' siills uhidi i‘l)loii‘Mt< dn iiio«iil\ iiisoliililr 

Siilpliiir an<l pliosplioiuH iiir dissoKcd to a small rsimit. and lodiiif 
fii'i'K M:in\ pisi's an* mon* m)IiiI)Ii' hi alt'olml tliaii in uatrr 
thus )IH) ^o|||nH‘s of iih'oliol dissoUo 7 xoliinu's ol liMlrop'ii. 2*7 ol 
oxxiri'ii ami III of iiMioucii 

Aiphsius alcohol Kivcs a (uihid mixture with (liloioloriii unless 
the pn>|Mirtion readies a (S'ltain xahie dependnii' on (lie slfenjftli 
of the ahohol Aecoidin^r to K Kn/^ the foIlol\lll^ pioportionn 
of ahohol at dilTererit eomeiitiations iin* lU'cessarx for ((ixtim a 
elear mixture with Itt jkirts of ililorolorin 
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The alkali'inetnla ilissolve in oli'ohol to form etli.xlali's (so-eulleil 

nleoliolates "), ri;, wKliuin dlivhite (lillgONu 

Ah'ohol foriuH eryNtalline r*oin|N>ni]ilH with certain Halts, etf 

' TniN4 Chm StiC, m. KHIt 
* J Stir, f'hrtH Ihti, ItIJI. 82, lliai (.Uist ) 
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(Hlciiini rhInrifK mn{^nriuin ohinridr, apprarinf; lui “alrohnl of 
rryxlalliiuitiiiii " in tliiw niinpoundi - ('aCI,,4C,H,(), fur rxanipla 
Photolysis of alcohol.- Acrnnlinf; to Rrrthrint and 
((iiiidii'hon,' ethyl alruhul in abacnre of air ia nut dminipoard 
liy MinliKht (of wave-iongth greater than 03^). It ia, huaeriT, 
pliululyaiai hy the dirent mya uf a ^emiry raimiir lamp, iiacal 
uilliiiut any interpoaial aenvn The dmimpuHilion is primarily 
into n(S‘taldehyde and hydrvigen, hut iiaualiy then* ia aoine fiirtlier 
plintulyaia of the aldehyde into earbnn mnnuxide and ethane 
When water ia preaent, the reaetiona are auliatantially tlie aame, 
hiitwithatiindoney to form aeid pnaineta 
Of the gaigea produessl when a llO-vnIt lamp ia uaed and the 
tnni|a'rntun! allou’csl to riai' to HO -iHI ”, (iO 70 )ier rent la hydrogen, 
10-20 )a<r ei'iil earbon monoxide, and lli 20 ]ier tent ethane 
Methyl and propyl alnohola are alao dmnniaiai'd in a ainiilnr manner 

Oxidation of alcohol.- S|K-aking bnndlr, oxidising 

ngenta eon\ert ethji aleohol into aldehyde and ais-tii' aeid — 

(VltOIl I 0 - CHjCHO I 11,0, 

(',11,011 I O, (tH,('(H)ll I 11,0 

The ehameter and (|Uantity of the pnaineta vary, honever, aeeordiiig 
to the eoiiditioiis of the oxidation When- this is e,irried out with 
potaaaiiiin diehnimate or |a-rninngnnnte in ni|iieons-aeid solution, 
the foregoing an- the produets; with )a-rninngiinnte in neutral 
sniiition, lu-etie aeid, or aeelie aeid and a little eiirbonie aeid, are 
given; and with altnliiie permangiiiiate solution, oxalie, aeetie, 
and earbonie aeida an- jinslui-ed 
A ni-arly iinaiititative eoiiXTrsion of ethji aleohol into aeetie 
aeid eaii la- oblainisl by treating an ai|urous solution of the nhsihol 
with {Kitniwium diehromaU- and aiilphnrie aeid Vanoua |iniisir- 
tiniia of the n-iigents have lieen nsed for this piirpoM- In oxidising 
a iiiixtun- of ethyl and meth\ 1 aleohola. Thoria- and llolmea* employ 
7 li grama of diehnimate and !HI grama uf sulphurie aeid [Kir gram 
of aleohol, in a total volume of about ri7 e e The diehnimate and 
aeid ore addnl in tivo atagra, and the mixturo ia finally boiled 
(see p IHK). A small quantity of earlwinie arid ia also produced 
from tho ethyl aleohol at the aamo time - about 0 01 gram for each 
gram of aleohol 

Oox and laimb,’ for oxidising small quantities of alcohol ranging 
fnim 0-2 to 20 grama, use nn oxidising mixturo compoard of 


‘ romit. resit., 1911, taS, 00-71; 1010, UL 470 

* Tmru Vhtm. Hoe., 1004, 8Si 1. 

* J. Amer. Chem. Soe., 1910.38. 2603. 
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pcit«!ihiuiii (iH'hntinato. Mi]|iliuri(‘ houI, jtiul «a((‘r m tlu* pnijior 
lH>n> tif 1 J 7 hv unglK AlH»ut ITitl w of thin niiMiin* iitt' 
f(ir lhi‘ (|uaniil\ of ah'fihnl niontioiicd 

K\aii<< uiui lhi\' hu\r '(ikIuhI tlio notion of im'IMiii] nml alkniinr 
sdlutioiin of |Kit.issiiiiii |HTiimnt;(iim(o on otlivl aliohol (Viiii! 
nlioiit .Itt^rratiiiiof tiiishnlt inii Jitri'of uutmil att ,ami 3 toll^inmn 
of tiholiol. found that uith no |Hitn'»'«iiiiii hulioxido iidiloil llio 
piiHliiol Hiu» iiltiOMt Mholl.t aoidio ui'ul. Mith n \«‘i \ Miiall |iro|Kirtion 
of luilMiino aoid \\hoti, houoMT, llio solution was iiindv alkatino 
with |iotasMuni }i\dii)xido. oxalir iioid was also ono ol tlio pioiiiM'Is, 
and tho |>ro|Mtitioii of oailMiiiic mid was imioli imnasctl Tlia 
t'omI'lilialion of ilio alUlt iati}nHl from o3 to grains |iri 

litn>, and at tlio hiffliri htroniftlis {^.7 itiniiis and iipwaids) llir 
aiiioiiiil of ovda and laiMliinH] was ,llnlo^t as niiioli as that ol 
llio airlir acid t)nc cx)M‘iimcnt ina\ hr ijiiotcd to illiistiatr the 
whole iVniiaiicaimte ii'^eil. ltd grains, alkali. I7d4. aleohol, 
.'lilt oMilie aeid olilaimd.:! d {jiaiiis. aietiraud l!ll, eathomr 
and I IM To nshier 4om|iteieK Itti iftains of iK'niiaii^anatr in 
a Idle of water at od , ti tnaiiis of aholiol were injiiimi when no 
alkali wa-. a<ldrd , hut It .7 uiamH siininsl for the rrdiirtion when 
liotawiim liNdioxtdt was preH'iit m the {»ro)K>r.lion of 107 tiranis 
|N'i litir 

Kllixl alroliif) (aijil Hi'S! imtlul. |iio|ni. hut>l, and isoaiii^x) 
ah'oholo) aie oxiilised In [lolassiiini |Niiiianpimitr or li,\dio)ti'n 
•saosidr ill llir pirsnirr h'rroii^ silts, which ml as ratal,Nsts^ 
Keltic and m.initaiious salts aie witlioiii iafiil,xtie etTnt on the 
oxidaiKiii leimiH siil|i|iale is piescnt. periiiaiiftanate 

oxidise-t elli,\l aholiol m dilute solution, almost e\e|iihi\el,\ to the 
iildi'liyde: hut in pii‘H>nce of leiiniis oxalati tlu'oxKlation pnsnils 
tiirthei. |Nirl id tin aldehxde Isiii^ tiaiisforiiHd into neetie acid 
Th< se oxidations pnieissi mi Fejnilail,x ihnt the miirse of the lenelion 
max In* iii\4*sti^Mtisl <|uantitaluel\’ Jhdrofteii jNToxjde arts still 

mon* eiierpritiealix on elh,\l alcohol, wliiili, in ... h'rroiis 

siitpliale or i»X(iliite, Js oxidiserl to a mixture of aeelnldeh,>de and 
neetie iK'id, the aldehxdi* pn'domiimtiii^ with the forniei, and the 
a4‘KI with the latter, lataixst 'nieiw oxNlatioiis M>rve as strikiiiK 
hs'tiin* e\|M*ninents, dniilonsed innftnitu s<»hitioii Inhik used ns 
indieator 

(liarriNd nets an an fixuliMT of ah^ohol hy nsinon of ita adsorhrsl 
ox.x'iten. and ferrfuis wilts iiierenM* the oxidininK ]iower. The addition 

• J Amrr Chrm, Soe,, 88. 87fk 

* JMsNt'iM'W'sky anil IWilt, J. Humi PAyrf. CAcm. , IHH, 48. ; 

J ('Aim Sor, I»1S, 168(AlMt.), II, 331. 
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of a ferrnuii unit to a solution of alcohol containing chaicool results 
in consiilcrablc incieoso of the amount of aldehyde formed. Ferric 
salts produce no such increase. 

Electrolytic oxidation of alcoliol.— P. Askenasy 
and cnadjiiturs have investigated the conditions ms'csaary for 
obtaining the best yield of acetic odd when alcohol is 
oxuIisihI elndrolyticaliy.* No diaphragm was used in the 
exjs'rinientBi ivll. employed, the electnslcs being placi'd only 
3 mm. apart A little sulphuric acid was added to the diluted 
alcohol Using rectifivd spirit, the best yield (HO (I js-r <ent.) 
was obtained with eurrent density 21 amperes jx-r sq. dcm., 
)x>tential 4 volts, and temperature 3S°. iSome aldehyde and ethyl 
ocetate was fnrnusl during the process of electrolysis: the ethyl 
aes'tate Iwronies hydrolysed as the alcohol is used up, and towards 
the end of the oxidation soiiie of the acetic acid is dccomixisisl with 
evoliiliun of carbon dioxide On neutralising the electrolysisl biinid 
with sixla and evaporating down, sixliiim aniate is obtaini'd, 
eontaminah'd with sodium sul)ihate. only Fur ccsmoniical woiking, 
fernientnl bninxil juice was used iiistcad of ns'tilicd alcohol, 
and the best results were obtained when alxiiit 2 grams of chroiiiiuin 
sulphate ]st litro of electrolyte uitc added as an oxygcii-csrncr 
Under these eonditions, at triii|s-ralurr ;h) IWwith ciiimil density 
12 am|x-n'S per si), dcm. and |Hitrnlial 3 7 volts, a yield ot about 
1)3 per rent was obtained. The authors isinsider tliat, given clicap 
|Kiwer, and using the fermented bisitnsit juice us the source of 
alcohol, the electrolytie {insess might conqsie uitli existing 
methods of maiiiifartnriiig acetic acid. 

Chlorination of alcohol.- if dry ehlorinc is yiashcd into 
strong alcohol to saluratinn, the mixture bring at lirsl cixilrd and 
afterwards heatnl slowly to KKI", the alcohol is chlorinated, the 
final pnxluct being a erystallino mixture of chloral hydrate, chloral 
alcoholate, and trichloroacetal On distilling tlie crystalline |irodiict 
with sulphuric acid, ehloml is obtained. With broimne, tlin 
ronespoiiding ]iro<luct, bniinal, is given Alcoliol distilksl from 
bleaching powder yielda ehlorofonn. This reaetion is usually 
explained as one in which both oxidation and chloiination iirocced 
simultaneously, alilrhyde Wng first jiroduced by oxidation, and 
then ultimately converted into triehlorooldehydo or chloral, 
CCI, OHO The latter sulistonce reacts with the ealeium hydroxide 
pnwnt, yielding chloroform and calcium formate:— 

2('n,0ll() + Ca(OH), = 2CHCI, + CaHJCO,)^ 

* Zetliieh. KUktroehem,, 1009, 16a 



V rmh momu oocurrrncb: tmomTiiM m 
Fisation of nitrogen by alcohol.- rtidiT tho intiupniT 

of the eliH'tric Hpark dMitnice tn an ntmoN|)h 4 *r(» of nitrogen for a 
k‘Ugth«‘iU'<l |ii'ri<Ni» nlrohol ami itn liomologiuK iHiinhiiu* uith 
nitrogen, yielding biNlii'a of un uniido* or hanc nutnrc' (Iferthrlot )' 
fhdrogi'n is c^oImhI. altstliol yielding 1 iiloiu iter iiin|f<ule, 

and ethyl nln>hoI 2 atoiiih Oiio atom of nitrogen la lUod for (*very 
2 AtoiiH of hydiogi'ti noKc'd 

\V bih liHh aImo iiivestigatiHl the iKatinii of nitrogi'ii by ahsihol * 
Tudor tiu* iniiiiemo of tho kiloiit I'hs trio diw^hargo, tho iiitnigon ia 
not (ivst AH kuoh, but lirHt fonna uniinonm with tlio hydrogim 
pnHiiionI Tlio ah'ohol lo dwomjMHiod into uootaldoliydo and 
hyilrogoii and tho auliihlohydo further ohongiHi into iiiolhAno and 
iaiImmi dioNido K\ontuuny, forinAldehydo aJno Ih pnHbK'Cil) 
log<‘lh«T Hith forinio aoul, t]ioM> (oirdiine tvitli l)io iininioiiiA to 
form hovnitiino and ammoiiiiiiii fonimlo. Klhyl Initymte and 
Amiiioiiiiiin hiityroto nn‘ aloo among tho insKhietK ’ 

' Catalytic decomposition of ethyl alcohol. A< (i>nl 

iiiL' to Ih'rthi'bd.^ ethyl aleohol vapmir uhiii h-attsl iH'ginN to 
dot oiii|H)si> At raNi , yielding on tho one hand olhylciie aihI vater, 
and oil the other aldehyde and hydrr^'n , hut msondarv reaeliona 
also take plats*, uilh (he fonnatitm of atetyleiie, ethane, Im'IMUSIo, 
ii.i|ihthah‘tie. larhoii monoxide, and enrlMUt dioxide. 

•hihii' fmind tJmt m the. |>n>seiirn of 7 .ine dual ethyl aitsdiol 
fleisim|Hisfs into ethylene aiul aator at 

IlkUieft'* haa Nhunii that at (KK)’, m the pn‘HetHs* of rine and 
liiliaigi*, aidehytle ami hytlntgeii an* foniasl from ethyl aleohol, 
and at •’iHt) bgO , when the ahsihol ik diatilhsl over aiiiiniiitiim 
|Nm<ler, diviiiyl is yieldfsl, in aildilioii to the phidiieta of the 
d<‘eoin|Nisilit)n of aklelntie and elliyhme 

KhrisifehP {kismsI the va|K)iir of ethyl aleohol over earlKHi hf*atisl 
to dull nsltH'M, and found that the ahsihol Ik dtsoin|Niho<i into 
equal voluinoH of niethaiie, eatlHin monoxide, and hydrogen, 
aistinling to the fS[uation 

(VI.0 “ CH 4 d-CO i Jl, 

At a lower temjwratun*, largo quantitioa of etham* are formed, 
probably aa a primary' rfsiuetkm pnaluet. When diatilh'd over 
olununium I)p1ow a dujl red heat, tho iiroduote an* ethylene and 
water, the latter being to a largo extent further reduced to hydrogi'ii 

> t'ompt ntid., 18011, 128, filO. * itiocA«in. ZeiUck., 1000, 80, 138. 

. * Ibid, ISO. * Tniti ie Viumk organtque, 1892, 104. 

* J. Chim. Hoc , lOto, IS 704. 

* /Mf.. 1WS,8I; 1. 4, 330; and 1803, H i* 453. 

* J. pr. C'Ami., 1W3, fuj, 87s 48. 
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At II ilull ml heat, iliK'imi|Kiiiitian iiitii nu'thano. carlxm monoxide, 
and li)(lni|{rii alwi tnkra plaiv, anil, at a briifht ml brat, ia pre- 
diMniiiaiit. 

SaliutiiT anil iSfiiiliTpnn' have atuilii'd the action of minced 
co|i|HT, nickel, coImU, anil aiionity platinum as catalyata in the 
iliriiinjHmiliiin of alcoliola ({cncraliy by heat. When clii)l alcohol 
la jiiiaaial over naliiml eop]n'r, a leaelion U-gina at 2(N)" and ia 
very \i|!oniiia at 35i)'', the alcohol being drcom|K»>ial cxeluaivcly 
iiilo alileliyile and hydrogen Uji to a tenija-ratun' of 3(Hr, the 
aaine eliange oiriira, and at tliia tcinjK'mtun' aa much aa half the 
nieohol la deeoniiioaed. At the gna cvolviai eonaiata of ei|ual 
voluini'a of iitelhane (12 ■'> ]kt ix'iit.) and eiirhnn monoxide (12 S per 
lent), together uith hydrogen (T,’i jaT i-ent ] The two giiMvi 
hral inentioned an' fonnial at the ex|H'nai' of the aldehyde, wliieh, 
111 Ihe imuenia' of rediuaal eop|M‘r, hegiiia to diaaiiiiiHee at 4(Kr 
When mliieial niekel ia iiaed aa Ihe catalyst, diainnposition of 
Ihe aleoliot la'gnis at Itill , and la rapid at 171)' At I7t( , some 
aldehyde la forinial, but nearly half la destioyial agiiiii, the evolved 
gaaea at Ihia teniia-nitiire eonsiat iilinoat wholly ot earboii nioiio.\ide, 
methane, and hydnigeii lh'(aini|aiailion of the eiirlHin monoxide 
into earlain dioxide and ciirlion Iwgiiia at 21111', and is very rapid 
at .‘UK)'’, at il!)ll'', the gaa eonaista of eaiiioii dioxide, inelhane, 
and hydnigeii ltialiie(*il eoiiail acts in the aiinie manner as niekei 
S|aingy platimun la'gina tn diaaini|Hiae ethyl cilisihol at 270'- 
a iiiiieh higher lemiwraliire than la mpiin'd with i op|a‘r or nickel 
Tile aetion memiai'a n-giilarly with the temperatiiie; at lllll'', 
the gaa evohnl eonaista of earlHiii monoxide, methane, and. 
hydnigi'ii I Inly a small ipiiintlty of aldehyde la olilaiiiial, most of 
It iH'ing deatniyial, with the pnuliietion of earlam monoxide and 
melhiiiie 

.1 li iSenderena’ linda that the nxidiition of ethyl alcohol oeeun 
at teni|H‘ratiirea of 4115'' to 4.5(1 by aimple beating, without the 
aid of a eiitalyat If a eiirrent of dry air ia paaaial through ethyl 
ahaihol at the mte of Kilt e e per minute, and the mixture of alcohol 
va|Miiir and air then led thnnigh a hratial glaaa tiibi', oxidation ia 
found to eoiimieiiee at almut 4115", and at 4.50" all the oxygen ia 
iiaeil up The main pnidiieta are earlam mnnoxide. earlam dioxide, 
and water, with inueli ainallrr quaiitiliea. of aldehyde and arid 
Magiwaiiiiii, line, and aiuniinium are therefdh.- reganird aa haring 
no great value aa eatalyata in tbia rraetion, ainer the oxidation 
tnkra place aimoat aa readily without them aa with them 

< rttmjil rcml., 100.5, US, 790, o'Jl, 009 

' /tut.. 1019, US, IDUMIIl! 
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CaUlytte dehydration by means of metalllo oxides. Vtumw 
oxiilfh, (mi'h a^i Hiiiriu, uliiiiiiiiii, siiiil Hir iihii* oxiiit^ of liiiipsti'ii. 
rxi'rt a (l<‘h>(liatiiif;n('linti on otliyl hihI ollici ahsiliols .it a toiii|KTa 
tun* of , till* prtMliirts Ui li’iiiMKArlioiih. iiliiiovt 

(‘XcluHvoly III Mitn*^ niscM, tlii» (li‘li\ilni1ioii Im* n^slridi'il iil 
louir (i>in|K‘m(un>^. and (lio othm fortiHsI Saliatift niid Maillir' 
|hhii(<h 1 out (lint tiio iiuMdianiMii of lliK rrarfioii is strirtly 
niialu^foio* to llirdrliMiintioii of alcohol uhich mclTccliil Ii,> Mi1|»)uilic 
•M'ld The aiiiilo;;y la further illiisirated the fact that the oxidia 
111 (jiiestioii act iiH eateiifwiiK catnhsis thus it a inixturi' of tin 
va|Maira of eth\1 alcohol and aiiite iiiul is |aisM‘ii omt tilaiiiiini 
dioxide at litHI , a ciNul i|ii.intltv Ilf etti\l .iietate is j.ioiliii'cd 

SimihiK, aleohols and ainiooiiM (sismsI o\er heated thoriiiia 
4»\i<le \ield the M>iies|KaidinK aiiiiiieH , and ahsiholh uitli hydrogen 
siil|ihide pve thioK 

Absoluts ulcohol. in |in'(hiiiiiK iinlivdroiiM ahohol, the 
iMial |a«MMs|tire is to dicist t*"* {s-r iiiit s}aiit uithi|tiirMiiia' for 
some<1.1)a, .itid till 11 1o distil oil (he ahohol sloiily fioin a u.iter I'utli 
.iiid tieat the (aodiiet in the same ii.iy The liiat and last jiortioiis 
ot the distillate me lejntid A siiflieieiit exeess of lime mii*it he 
lisid otlicaise t<Ni l.iiec a |iio|Kir(ioii of iiileiiim hMiroside ia 
formist. and louarils the < iid of tin* distillation tins xiihla ii]i \iatet 
and IhiiH dihitis the aleohol .ilmiii Ahoiit one foiiith or one lifth 
the liei^ht of the ahohol is a suitahle i(iiiintiti of hme lor tin* 
>li<'tillalion 

If sinai;; simil is not ax.ul.ihh to start uitli, it max leaddx he 
oht.iinisl, of ulMMit Ht la ha (mt leiil stien]i(h hx distillitij; uiah 
ahohol fnmi |MilassiiimearlHiiiate 11ie stiui^tli max he raiMil to 
iilHiiit h7 tNT (s>nt h> (listilliiifr the (iriNliiet oxer fiiMsI ealeinm 
ihloride. and the distilhile max then la* titsit'sl uitli r|iii4‘lvhli]e to 
ohlniii (he absolute ahnlml 

ilariiiin oxhie may also he useil as a <h*h\4tr(iti]i^ iiffent, ntnl 
powdf'Ttsl (‘ah mm eiirhuh* has Ixs'n 4*m])hive<l ‘ Simple jNTeolatioii 
of Htronf! ah*ohoi through a (*oliimn of f|iiiekhitie, after digisitjon 
Hith the latter for a(*x'oral da,\a, yiehla a iH'arly anhydrous produel 
—containing, huwcx'er, u amall quantitv of lime, which may lie 
rnmox'ed i>y distillation Metallm nalium and nietallie calriuiii 
haxT Iksui used for renqixing the lost tracea of xxater, hut ijuieldiine 
appears to lie, on the xxlmle, thi* }K*Ht ileliydrating Agent of all 
Its action may lie Accelenitcfl by heating the inixtun* und(*r a 
^ reflux eoiidenmT, and hy using a larger i»ro|N)rtion of the liiiie> • up 
to onu-half the weight of the aleohol—in tlin Unit tn*a(inent. 

* Compf. rend, 1010. ' Yvwi, C'Acffl. Newi, 1604, 
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Tlin followiiif; drtailN ot an actual ca|ierimcnt are -given by 
U. W. Mi-rrinian * 

(ii) Tell litreH of 1)3 jx-r cent, alcohol were Ixnled in a eopper 
(Imin for twenty-four houni with 4 hiloa. of quieklimr mode from 
marble On dixtilling tlio |iruduet, apirit containing about 05 per 
cent, of ivater wan obtained lliia formed tlio atock, which was 
fiirlhi-r dehydrated an required in Iiatehea of 700 grams. 

(ft) Keven hundred grams of tliu f)U 5 ix-r eent. alcohol were boiled 
on the water-bath, under a reflux eondonser, with 130 grama of 
quieklinie, taking the usual precautions for iiroventing the alaxirp- 
lion of atmospheric moiaturo After six hours, tho (imduct was 
distilled front tho water-hath, a double spray trap lu-ing fixed on 
to tho flask Tho first 30 grams were rejected; tho distillate 
obtained by boiling almost to dryness (abimt OOO grams) hud a 
density of 0 BOlillU at and thus contained 0 000 per eent of 
water 

(r) Tho alcohol of sp gr ONOfillO was again treatisl with lime, 
anil the doiisity of the main fraction was 0 K002H at 0 ’/d ’ Another 
treatment with lime, and also with inelullio euleium, left the density 
ujieliangisl 

Tho density of tho pnxluet, it iiiuy lx* remaiked, is sliglitly 
higher than that of Meiiilel|)rff's nleoliol, but the eK|H'rinienl 
shows, at all events, that a very nearly aiihydnius alcohol is gneii 
by tlio tn-almenl dcserilHsI 

Vonng's niethod of deh,vdrating ahsihol by distilhitioii with 
benaene bus alrcaily beon reforrml to (p l.>7). 

.Vnhydroiis potassium fluoride is a gotxl pn-liniinari dehydiiinl 
fur alcohol ft aeU rapidly on oerouiit of its solubilil,\, and is 
somewhat mure effective than imtassium earbonate, an the saturated 
soliiMoii has a lower vapour pressure It absorbs a large pmjiortiun 
of water (02 per cent), forming the hydrate KF,2HtO, the vapour 
pressure of which is 3 5 niin , and tho limit of dehydration of rth>l 
alcohol is reached at 07-3 per cent, when the vapour pressure 
i-urresponds with that of the above hydrate.* 

Aci'Ording to L W Winkler,* alcohol can bo completely de- 
hyilrated by distilling it over filings of metallic caleinin The 
latter may contain some idtride, which will yield ammonia by the 
action of water in tho airuhoi; but this ammonia can be eliminated 
afterwards. The filings arc sifted in a coarse sieve to free them from 
any powdered nitride, and traces of oil and more nitride arc removed 

> Tmiu. Chrm. Sac. ISIS, t09. 03S 

> (1. B, Knuikforler and V. ti. Kraiy, /. Pftyl. Cftem., 1!)13,17,102. 

> ZetUch. aayaw. Cftem., 1610, 10, 18. 
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by Hhakinf! thr lilinK' vi|;(inHi«l\ with <lr) cnrlioii lelrarlilnrid« in 
a |!liun-sti))i|x-ml flank. traiiHtrrriii); tlii-iii to a liKM'Iy-atDpprrrd 
funnri, waahitift thrin axam with thr aainr snlirnt, and thru diymg 
in rarbon diinidr. 'llir alrohol in diatilli-d with thr |nirifird nirtal 
in thr |ini|xirtion of 20 grama to thr litn‘ Aninioiiia la n'inuvcti 
fpiin thr diatillatr b\ diaaolring in thr latter a little alizarin (a frw 
Gontigraina per litre) and then adding a Miliition of nlaiut 0 A gram 
of tartaric arid in 10 r r of thr diatilhal alrohol until thr mldiah- 
blnr roloiir haa tnnuxi to a |nm< yellow After thr addition of a 
few more dni|ia of thr arid Mihition uhrn thia |Hiint haa lin>n rrnrhril, 
thn alrohol ia ir-diatillnl, rarr bring taken to rxrludr atliioaiillriir 
iiioiatiirr during thr o|M'intion. 

I’rrkiii and I’ratt harr fiwind that whim nirtallir rolriuni ia 
altonrd to n-inain in rontart with rth\l (or nirth,\l) alrohol for a 
period of t)0 to till iiiiniitra. a nvn tion lariira la'twrrn thr nirlal 
and thr airohol' Onir ataitial, thr rrartion, whirli may lieromr 
iriy \igonnia, rontiniira to roiiipirtinii, with fornialion of ralciuni 
rtliuxidr (or mrthovidr) luronliiig to thr r(|uatioii 

flCJIsllH ' Ca ((’,lli(>),('a I II, 

If the imxtiirr is henlril to thr boiling |Hiinl of the alrohol, the 
riMi'tion (irorriala iiiiirh inoir ra|iidl}. 

Ii W .\ndirws* fiaiiid that abaohitr alrohol, drbydratrd by 
means of lime fi(s,hli pn'jainsi from marble, and fnssl from aldrh,vdr, 
hiiil the isime sjas'ilir griiiity, the Mime rrfrartiir index, and thr 
Mime eritieal triii|n-raliirr of aolutioii, oa alrohol hud which waa 
lirhydraled with iiiagiiraiuni iiiiialgam’ or inrtalhr ralrium. The 
siavilie graiily found waa, at 2,'i°/4^ 0 VfUiltl t ItlXIOIIl. 

Winkler, in liKki, obtaimsi the value 07Si'il)l) ul 2,'i°/4° for the 
apis'iKn gravity of abaohitr alrohol drhydratrd by nirana of metallic 
ralrium A Kaiian* later found a Miinrwhut higher value, namely, 
0’78.ilS at 2,i'’/4°, u.<iing thr aainr method of drhyiliation. Hrnde- 
liiolfa abauliitr alroliol waa drhydmtisi by nirana of (|nicklime; ita 
apd'ific gravity referred to thr abovo trmprratunia (20° 4“) waa 
0 7fl322 Ib’frrrrd to thr trm|K'ralurr l.’i(l°/150° thr value is 
0 793,'in, and an airrady stated, this ia rrganlrd as probably the 
moat nrrnrata rranit 

Arrording to a Orrinan iMtcnl,* alcohol of 90 per rent, strength 
or more ran be drh.vdrated completely in a short time by means 
of anhydrous sodium sulphide. Thia compound ia imliiferrnt towarda 
ethyl alrohd, and ran he entirely recovered by heating after use. 

> PitK. Chm. Sae , IM7, 22, 304. • J. Amtr. nhem Sm , IMS, M, 303. 

• /Mi., 1904, 21. 1IS8 • dtf.. toil, M. 3881. 

■ IXR..r. 338801 (1900). 
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('(Miinii'iiiiil '* ul»K()lut(‘" alrnhol usually ooiitains in 

«|iiantil,> fnmi aiaiut OTi in ! 5 ]N'r fcnt Thi' "uliHoliite 

a'c'dlioi ” of till' lintish lMiuriiia('o|Mm Ik drliiMnl an 
livfln»iulr <’^11,011. ahJi not mm* iliaii 1 jaTciiit by wi^rbi (if 
»al<T S|KTifi<' ^Ta\iU (at iriTi'/lbr)') fn»in ((i|ui\a]<'nt to 
IMIiio |H’r <Tiit of <'th>l h\(lro\i(lp by voluiix* and hy weif;li() to 
t)71N)!l (I'qiiivaldit to (6)4 [mt <Tiit of <‘tliyl h>(lr(»\j<li‘ by Aoliiim* 
<ir !Kt |K‘r niit by u<‘i^d)t) " Mon* nccuiatt* valm*!* for th<* h|KTitK' 
;'ra\il> would bo t»7tKiH and tt7!Mi7 n'S|irclivi*ly 'I'lii’ l<*sl 
|in‘H«‘iilM‘<l 111 cM'liidi* <‘\(i>KS 4»f uat(‘r m iih folloas .^nliNdnaiH 
(‘o)»|N*r Milpliati* hliaki'ii ofiiisionully during; tuo or hourN 

willi about lift) tiiiii*8 its woi^lil <»f absoluto aloobol <looi4 not ahsiiim* 
ii fbs'idnlly blur colour " 

Otlirr testa for ualrr in absiliol aiv pivrn in ('lia]> VI, and also 
iiii'tliiKlH for tbr rMUiiiiiatlon ol alrobol aa ir^'aids llu* |iirsrnir ot 
iin|MiritMH 

Atssmlin}; to tin* Kix’iii'h IMiuiina<'o|io‘iii, rniiuiirniiil *’nbs(»bit«‘ ' 
alrobol hbould ba\r a s]Ns*ilir {iravity not lii^lin than tt7!lti.s;t at 

i:»'Vi.v 

For tin* In'Ik*!!! of niU'nisropiats and othrr |iii\atr uorkrra ulio 
lia\r no <‘hriiiiral bidancr or livdionirtrr, II (biriH’d nirnlioiiH 
(hat pun* od of rt'darviiKHl nnjnnum) nia,\ la* rinploxrd 

for Irstiiii; tlir sllviiKtll of absoluti* abohoP ('Pbr horalird 
'Mbirkrnnl'* oil iim*<I fi>r immrrhion Iriisrs uill not sitvi*) Uilli 
idiHolutr alrobol, tin* oil ini\<‘H rirar in all proportions at tin* 
oulmary l<'iii|N'ratiirr An alcohol of tlH2 ]N'r rent '>lirnuth 
by vtiliinv' misra without turbidil^x with cislarwiKNl oil at 
1.7.7', but turbidity ik pnalucrd it tbr tcm|H*ratuir la IomcksI 
even P An alcohol id thin stn'nutli will snnhs' for niirrosisipiral 
work 

(\driuiu carbide <1111 br umsI to incn'iisi* the Ktr<‘iiuth of 1111 
alcohol Thus alcohol of IIS!) {M*r cent. stn*ii};th (by \oluni<*) was 
di}|(V4tiM( with a Hiiiall (piantity of iKiwdrnsl carbide f<w thns* iluxs 
in a warm place Nome acrt.xlrnr waa rvolvr<l, and the Htn’n^lb 
w'aa niiiftHl to IK) 04 p<*r cent. Any diaaKr(*<*ub)r odour l<*ft may be 
n^moMil by shaking the n1(*obol with a miniiti* trace of jaitastiiuin 
prrmanganait' 

Rectified spirit. —Tlu* " tSpiritus ItectilicatuH " or '* Alcohol 
(IK) piv ci'iit)" of the British Pliarma<'opn*in is defiiinl aa “ a mixture 
of cthU liydnixide and wnt4*r, eontaming in ItM) |MitH by volume 
00 |»rtH by \ glume of ethyl hj'ilnixirle, C^If^ Oil 8iK*cilie gravity 
0 8337. Contains H5 68 ]H'r eeiit by weight of ethyl hydroxide, 
' Vham. J..*10ia, 106. [iv], 137. 



V 


l-rnn'L ALTOHOL: ClOCnUlKSTB: l»Rni»KRTIR8 


](KI 


ttiul 14!{2 |M‘r fftit 1»N Mi'itslit of viatfT " Tlic aiiiiKtinil tiMa of 
punf x iin‘ ftivcii HI ('hii|i A I 

It 111' iioti'l tliitt on .loniiint of tlio contriK^tioii nlitdi 

*’Alniliol (fKI }H>r u‘nl) * uo iltl mtl Ik< fiv iiii\in|i 
{HI voliiiiii'K of (tnio) nliMiluti' •ilcoliol mid 10 voIiiidoh of uiitrr 
Tlion* nro four oflicini ' Diliifrd AI<'otioU " in tlir Pluirnmi'iipirm, 
(‘oidmiiiiii; n'siurtivols 70. (iO. 1.7, and 20 pot ooiit of (‘lli\l liylioMdo 
liv loluino Tlio\ am olilaiiiod hti ddulin^ lijo IHI pit roiil alcohol 
of sp |rr 0K.‘1.‘17 Hith ualiT a^ dumii in Ihc fo|)oani]{ taldc. cillitT 
(I) <ir (2) Ih'IIIi; iiscil. an niu,\ he Die moi«> lonvciiicnt 
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Till!: \N\bYTlCA]. (TIKMIKIKT OV UKl'ilYL AND KDIYli UX'OlIOIil 

» 

I. Separation of the alcohols from other stib- 
StanceS. -Ih'fon' tin* alcohol in a iiiiiUin' can bi> c^iiiiincil aa 
to lU character, or ila i|uaiilil,r airunitclv ilctcTinincd, it iii'iist, as a 
rule, hu obtained prai'tically tni- from all other anbatancca except 
water, 

Simple dintillalioii HUfliecH for thia where the admixed or dissoIriHl 
niKredieida are not volatile with xteain When volatde laafiea 
are preaenl, however, it ia neetwnry eitlier hi render them inea|ialile 
of distillation, or to n-inove them Snliiliona eontainin)( ammonia 
or aminea, for iustani'c, may In- made acid with anlphurie acid, 
volatile acids may lie lixisl liy the addition of Midiiiin nr pntiisaniin 
liydnixido; fnsi iodine may 1x' eoiuerted iiilo sialiuiii nalide liy 
treatment with aixlinm thiosulphate Neutral urKanie volatile 
siilwtiiiieeu in general are heat reniovisl iiy a prehiiiinary exlraetiun 
with an iminiseilile solvent, or else by diatillatinn, extraction of 
llio distilhite, and re distillation 

Kor such articles as spiritnous mrdielnea, tinctures, essences, 
and iierfumes, the metlusl most gencTally npplieablo is that 
described by Tlior|ie and Holmes * By this piwess essimtial oils, 
camphor, ether, rhhmifarin, ethyl acetate, and most other volatilo 
roiutituents which wouhl vitiate the siibstsiuent examination of 
tho distillate, aro mmored, either entirely or with anflieiml complete¬ 
ness for tho puriKise It is devised esiicciany for the accurato 
determination of tho proportion of alcohol; if this is already known 
or not required, some of tho direetiona may obviously be modified. 

Twenty-6vo o.o. of the sample, measure^ »t J6l>°i are mixed 
with water in a separator to a bulk of'KM to ISO c.G., and common 
salt is added in sufficient quantity to saturate the liquid. The 
mixture is now shaken vigorously fur five minutes witl. from 50 to 
80 0 . 0 . of light petroleum, boiling below 60°, and alter standing 

i Tram. Chtn. Son., 1003, 8S, 314. 
no 
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tor ftbont half an howr, ihi» loncT lujpr U (Iraun ftif into anolhw 
pxlrM'tcd if noj'wsiwry a nrinid linn* with |M‘trolpuiii and 
then draaii off inln a dMlillatiitn lljuik Mrniiuhilo, Iho ]H (njieiini 
lawra are waahiHi Hiim'snjvrly nilh 25 it of MturotiHl eomnion 
Halt Holution, and the naaliin^'H nihlpil to Ihi* jiiain hulk, whiih ia 
noii(ralb«Hl if ncd'wary, and tlu-n dhtilliil and thi' diatilliito wade 
up to 100 e c. 

In thw deMTiptiim theartiele eMimimd \» assunii'd to l>e Mnuigly 
siMritiimiH, wliiih in uhy it jh dilulMl, and dihtilleil to four tinieH 
the volume taken A ueakl} nliHiholie liquid ivould not, of i*ourhL\ 
nenl to bo dduted, 1(K) or 15tl ee wiudd la* taken in (he timt 
iiHtnnee • 

DiHeiiHxini; the quaiititntivi* nsiMi'l of the pion^jw, the aiithoni 
make the folloHini; (‘ominenla 

t)ii tu'eoniit of the hi^h vii]Miur preMuiie of idlivl nieoliol und Kk 
avidity for unter, the distillation of n Klioiift HpintiioiiH liquid into 
iti oun volume of untiT so as to obtain an an-urnte determination 
of the amount of uleohol jin'seiil is praelieally iin]a»silile nith the 
apparatus ami the inethiKls of distilhilioii I’oniinonly used. Jt is 
prai'tirahle to distil a dOMif; apiritnoiis liipild into t^iee Hh own 
volume Mitli the requisit** di'ann* of ai'iumey, whilst ilistiHatioii 
into four timeM the initml volume is quite eauy, and the n'Hults are 
uniforml.v aeeuiate 'fliere is praetieally no error due to distilla¬ 
tion, and as ri'fsanls extent of dilution, it wnt* found that the nieohol 
m 25 e e of Htronj' apint when dilutid with water even to the extent 
of .'jtNl (T ami the Milution siiluialed with Kult, CHiuld he enlinOy 
reeovenMl iji the first KKI ee of (he distillate. 

The iiiethml, oa diwrilHd, is apjilieable to pnqmroUont) eon* 
taiiiinj' ehloroform, ether, iH'iiraldehyde. and entiTR. In tho 
greatw number of other easi*s for example, i‘WieiieeH of lemon, 
juniper, pepi>ermmi, and simtal ml preiuirationN a lungle extrac¬ 
tion with pidruleiiin ether ia Kullieient For ennqihor pn’iiamtiona, 
25 c c of normal aiiljihurie aeul Holiition are umh] inatead of eoimnon 
salt, and a single extraction with liglit fietndi'um is made, tlie acid 
being ncutrahacd with caustic aoila solution iMdorc the alcohol in 
diotilled oil. 

Special devices are occaidoDftlly neccKsary to eliminate volatile 
foreign bodies from alcoholic liquids. Chloral, for instance, may 
be removed by heating tlie solution with caustic soda under a 
reflux condenser, tho chloroform thus tmxluced being afterwords 
extracted with light petroleum as usual. Goumarin, again, which 
distib to Bomo extent with alcohol, is converted into the sodium 
Balls of coumaric and coumorinic acids by the same treatment, 
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ami can lliua la- cliiiiiiiatol .Soiiictiiiii's. tiai. extraction of a 
niiluitumr can luliiuilni'coiisly Im niailc aith chlnniforin, carlion 
tctrnchloriilc, ctlicr nr other wilvcnt, the n-hiiliic of vhich in ita 
turn may ha\c to la* cvtractial with |a'trolciiin ether 
Another iiiethial of eliininatiiif; volatile oila and Home Miinlur 
MiliatnneeH Ih to dilute the Ham|ile until it eiaitains alaiiit 2)1 25 ]a'r 
cent of alcohol hy volume, ahake it well with |iimdenal iiiaf;iieMUin 
eiirlainate, and tiller 'I'he folkminf; example of a eomhiiiation 
of thiH tn'iitmeiit nith HnbHei|iieiit eheiiiieal n'lnoval of aeeloiie 
IH |;iveii liy licaeli ami Lytlipa',' for the eahc of a denatiireil ideohol 
eoiitniniiif' h|;ht ladroleuiu and aeetnne 
'I'ake 25 ef of the iiam|ile and dilute it to l(N) ee uitii «,ilei 
.\dd iilaiul 5 firania of (xiudeivil mnj'iiehiuni earliomile, hiiake neii. 
and tiller The liltriile will lie free fnim |a'lroleiiiii, hut will htill 
eoiitaiii the acetone and aleohola 
.V iiieaHiiied |airlioii of the lillrale, .55 ee. la waKlied into a 
diatilliii)! li.iHk and treateil witli 10 plains of powdeied lait.iaaniin 
liHiilphite, and after staiidiiiit an hour ia diatilled. .55 e e of dialill.ile 
la'iiiK eolha'led. This is fire from aeeloiie, lull eontaiiis miiiic 
Hiilptiiirous acid, and in onler to remote tins it is distillisl with 
sialiiim liydnixide, the liiull dislillale Is'iii); made up to .55 ee 
(for the deleriiiiiudion of s|as'ifir (triitily and ndiaetioii) 

II. Concentrating the alcohol. Kor eeiiam ot ihi- 

mielioiis deserilasl further on, the aleoliol is ns|iiin'd to Is' iil 
aliniit tKI fan cent stmi|;lh, or inon- Where the iislides aie 
pn-|umsl, for example, ns in the nitniiiirtliniie test for I'lelhtl 
aleoliol or in the Kielie and liardy pns'eas (p Itl2), 10 ee of 
stroni; aleoliol are iisisl 

.\ midy ini'aiis of olitninini’ this fniiii a weak distill.ile. without 
iisiiiK a fiaelinnalintt isiliiinn, ia to take such a (|unntit\ of the 
liquid as will ipve II or 12 re of the reqiiinsl stroll); alrohol. 
satiirntr it with rominon salt, and distil off ahout one-third 
lilawal qiiantit.'i of dry jaitasaiiiin earlxinate ia then added to the 
dialillate, the mixlun< n>-di8tilksl, and the requisite quantity of 
distillate eolleeteil The jmtaaaiuin carhonate forms with the 
water iirew'nt a heavy layer under the aeiairated alcohol, and the 
latter ran be diatillril off at hijth strength. 

.Suppose, for exanqile, that a strong tineture.or eaaenei' containing 
about 90 per rent of alrohol has brim piitilird hy the Thorpe and 
llolinea methial as drarriheil in the pcevinna aeetion, and it is 
now napiinario apply one of the above-mentioned teats to the 
distillate Since 25 e e. of the sample haxv been diluted to 100 e r. 

' Chttn. lioc,t 1905, 87, No. 8. 
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tlir ali'uholic HlmigUt of the distillate uill Ih* uhtnit 22 Ti ]ht mit 
One-half *rf the 1(H) ci* aill u)*hi inort* lliiui siiflicifiil h|mii 1 for 
one of the expiTinieiith in i{mH(ion llcms* ft) ee aiv taken, 
plutssl in a tlioik, Mtluratisl Mith halt, luiil IK or 17 ee dihtilleil 
off: the ((uiuility thiw obtained ih nshhtilhsi fioiii iiolashium 
earlwiiate and 10-11 e e nilleeled Tina uiIDm* ot Miilahli’ htn*|i]tlli 
for csiNverHioii into nxlide 

Fur (Hinci'iitratiiif; ver) dilute KoliitioiiH eontaiiiintt, sii;i, a 
few tentha |a‘r cent, of aleohol -the liquid iiiu\ lie pnrlK satiiraltsl 
uitli either ealeiiiiii ehloride or Noitiuiii (‘liloridi>, one sixth to one 
thini diatilhsl off, and th<‘ o|N‘iation re|H'uled if iKHS'hsary (ui the 
distillate Thus H F Ihusiii found that rilNI e e of y 0 2 iht cent 
solution, after addition of 2(N) grains of nihuini <lilonde, tnive on 
distillation 0(18 jht eeiit of its nhsilnd m the liisl lot) ee ol 
distill.ile, anil (he uhole in (he lirst lot) A hiiiiilar holiition, about 
tlins* fourths siturattsl Mitli mmIiiiiii ehloride, aWi ^a\e up (NIK jwr 
lent in the lirst lOOee , anilonMinilaiK Kil1in)tthel.itterquantit,\ 
and rediritilliiif', the ah'ohol uaa obtiiiinsi uitliout fuither Ionh m 
the lirst riU e e of distillalt' 

Of a still ueaker hoiutioii, eontainiiiK (»nly 0 I )mt eent of aleohol. 
1 litie uas taken, and disltlhsl after beiiif' about tlms'-foniiliH 
Mitiiratisl nitli Maliuiii eliloiide The first lot) ee of diatillate 
wen* hiinilarl) saltisl and ledistilhsl. uith the n^ult that tMI ]ier 
lent of the ak'ohol oti^inally jireseiit Mas nssnensi in the lirat 

c e of the seeond distillat** ’ 

il\ one or iiion* of (lu* oiM*nitionH iiidieat<sl alsive, eth>l and 
iiieth\l aleohols an^ sejairutiHl from Ihi* other ismstitiients of 
in]\lnn‘s in a eomlitioii of sunhieiil purity and strentdli for further 
examination The final distillate obtained may of eimna* eontnm 
eftlier or both of tiu'si* tao aleohols 

III. Identification of methyl alcohol. - a um-ful 

rcvii-w of the rfiii'f iVBclioiiii which had liccn uccd fur the 
detection of mvUiyl aleohol im'vioiiHiv to Ihi' jiiir ItHW Iiiih 
lNi*n ftiv(‘n liy II iS^'Uihler.* Some of tiie main pointa are 
nientionml in the eeetlon which fullowa 

The tiHti for nu'thyl alcohol are pnneipally uaed for the didi’c- 
tiim of thin Milwlanee in ethyl aleohol Hence their value la 
dependent first upon the shariincw with which they distiiiKiiiHli 
betwc.fn the two aleohols, and then on tlieir delicacy and rapidity. 
Occasionally, however, it is merely a queatioii of identifying methyl 
aUsiliol nlnne, miznl with inwe or less water, in which case readier 

‘ Cireufar 74, I»ll, US, Ikpl. Agr. flunan 0 / t'*ns«toy 
• J. Amtr. Citm. Hoc., ms.fl. SBi-WHL 
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mcthixlH of no (treat doRree of delioacy are called for. The lirat 
three iiielhode given below will generally iiieel such eanrii 

Methyl lonnite reaetion.-- Ihiwaire a little sodium formate in 
ahout 2 r.e. of water, add 1 or 2 e.c. of the liquid to be hated, 
thi-ii (xiiir into the mixture an equal ruhinic of strong nul]ihnric 
neid. (hi mixing the*contents of the tuln-, warnung a little more 
if necessary, an (xlour of methyl formahi is develoiasl if methyl 
alcohol is |irem>nt. The ixlour recalls that of chloroform. 

Borto aoM flame reaction,—Powder some liorax finely, and mix 
it ill a |Hireelain liasiii with a few r c of the alioholie liquid which 
for this hat sliouhl Im fnsi from at id, and strong enough to hum. 
Allow the mixture to stand for a minute or two and tiii'ii ignite 
the ra|s>ur. A gn<cn eoloration is imjiarted to the llaiiie if mclliyl 
alcohol is present in sulliiienl quantity, whereas ethyl iilioliol 
giviw the eoloration only after sulpliiirie acid is lulilcd Alnnil 
n |ST rent of methyl alcohol in ethyl alrohol can he tliiis detis tisl 
(K hiwxezek) ‘ 

Formic acid reaetion. - The liquid to lie Irstisl is inixisl n itii aii 
njual vohiiiie of ,'i(l gwr cent Milpliiirie iirid, iinil mlnsliiced into 
a sinall flask in which has Inssi plaisd it or 4 grams of jsiwdeicd 
|K)hissiiiin diciminiale and iilioiit !> cc. ol water Alter iniMiig 
and allowing to stand a few iiimutes, the ronlents of the flask an> 
ililiitisl with nil n|unl vohinie ot water and distillisl Forniie acid 
is iiMsiiieisI by tlio ovidation -- 

(ill, OH I 0, II coon 1-11,0. 

The distillate is neutralised with sodium earlxinah' and evn|sirnled 
to exis'l any foniinldehyde or acetaldehyde that may have Is'cn 
.foriiiisl during the oxidation. A ]S)rtion is then tested with feme 
chloride solution; if ii formate is present this gives a nsl rolorntion, 
ilestmyisl by liyilnwhlorio acid. But as a siimlnr red colour is also 
given by aretie acid (which will be pnwiil if tlie unginal liquid 
eonhiiiied ethyl aleoliol) the result must Is' eonlirmed. To do this 
add solution of silver nitrate to another portion of the evaporated 
liquid; im warming, a black or brownish-blaek diqiosit of reduced 
silver is produced. 

Or a {Kution of the evaporated liquid may he heated after adding 
to it a little mercuric chloride solution; a white precipitate of 
inereunius chloride is given if a formate is present 

For a quantitative method of eatimatiiig methyl alcohol by 
ciinveraion into foniiie acid, ace p. 194. 

Ccnvmlon Into lonoMdChyde.—Many of the tests which have 
> PAons. AM., 1913,18, 9M. 
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been proiKwed f<tr (h^toctinK the of inetlijkl alcnlidl de]M‘it(l 

up(m the oxidation of the alcuhol to fonnaldehule. and the ri'eiigni* 
i(Hi of the latter hy a eolour rt'Oetioii of Mime kind 1^108 IhmiKi'H 
eiii|ili)ya the aell-kniiaii SehilT or (la^mi reaelion uith ilcectlorised 
fiu'liiine Milufion t<» ahow tlie pniieuw of the formaldehyde, Bono 
(p. J 7 d) tmoH an alkaline aulutlou of pheiiylliydra/Jiie ami MKhoin 
iutro|ini*> 8 i(ks Mulliken m'oininendH the ii*Miniiiol Mil]ihuric aeid 
teat, and lliiikel mh'h the nMU'tioii aiih morjihine and Mil]i)iiirie 
aeid. Oullie neid and pldoroKlm mol hti>e uImi heeii employed 

By far the imM p*neiidly UM'fiil m that do’iMNl hy 

Mhieli la eitriii^d out aa foIhmH: Into a teal tiihe, ehiauii 
of nither MuJe dmmeler to faeililnte iidiinxtiiie of the vanoiia 
iiquidt, <M e<> of the Ktron}; aleohol is intnalneiHl, folloainl by 
5 ee of a 1 |N*r (‘eiit Koliitimi of pota'<<iiiin tHTniaiipaiiiite, and 
0 2 <' e of Htroiijr Miljihiiric atid. Hie liquids are mixed and alloueil 
to stand tun or three iiiinntf'H; then I e.e of an K |ht eeiit. solution 
of nxalie acid h added and the tiilH* HKam shaken ltn]iid di'TolorisA* 
tioii of the li(|iiid ensm*a When the soliilhin Inn iMrome of a 
sheriv yi'IloM' eoloiir, 1 ei of stroiift siilphiirie aud im addl'd and 
the uliole well mixed . (he deeolonaalioii mm lieeoinea enmplete 
Ki\e e e of ilet'olorisiHl solution of fuelisiiit* are next iiddiHl to the 
lonteiiN of the tube In the course of a few niiiiuti'Ma Molel eolour 
apjienrs, the ileptii of nliieli de|K'ndH U|N)n the pmjMulion of methyl 
ihohol in the liquid under exaniination Kxeept m eonsidenilile 
dilutions, the eolour generally iittams its jtiaxiiniim inleimity by 
the end of tiftinm miiiut(*K With 10 pr li'iit of luHhyl lilndiol 
it is extremely iiitenw, aitli I jN'r (*001. xery atrong. and aptinsialde 
even at a dilution of 01 (mt leiil 1lie test is not eoneliisive 
uiik'KS the uh'oholie liquid has Ikhii pnqa'fly purili<‘d, uh glyeeivil 
ami several other aiiiiataiiees gi\e a Himitar leactioii 

The (bs^oloriai'd Holiitum of fuehaiiiv (NthitTa n'Agimt, (layoti'a 
RMqpmt) enqiloyisl by iVnigi's is )>ie])an>d aa folhms - To a litn* 
of 01 [N*r cent Holution of fuehidnc add 20 e e. of aolution of MKhuni 
bisulphite at 3tr Jh*.. and after live to ten muiiiti'N jvnir into (he 
mixture 20 ee of pure hydnahloric aeid (]> ?- 1 IH). At the end 
of ui hour or tu’o (he migiuit Ijeenmc'e i^douHem, and u Uien rernly 
foruac. 

A mudliied form of thia methral, ajIapUsl for the quiuititative 
determination of mi'thyl alcohol, ia deaerila'd a littio further 
on (p. 183). 

According to A. Bono,* aliout 1 per rent of methyl alcohol in 
ethyl alcohol can be detected by the following pioreaB. 

. » Compt rend., 1910^ IM; 530. 831. • Otfin. Zeit., 1912. 38, 1171. 
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Si-rcnty-livc r c. nf Ihc minplr, i-nntiiininf! alcohol cqnhalcnt to 
10 1 '.c. of HtrotiK alcohol, an' ilutjllcil. and the vapour ))ai*Hrd dim't 
into a IIuhIe coiitaiiiirif^ AO c c. of oxidiainK solution. The latter in 
a Holiitioii of laitasaiiim hichroinatc, saturated in the eold, and 
containiiit; liO re of sulphuric acid (xt litre The delircrt-tiilie' 
di|M to the liottoin of the solution, and Uie va|Miur after |inssing 
tlirou);h I lie oxidising niixtiim is leil into a eondenser and eollected. 
No foriiuddeliyde is finiiid, os a rule, in tho first 2A e.e of the 
distilliite, aliieli may lie rejeetisl. The next'10 e.e. an- eollis-ted 
a|airt, and 2 ee ot it an- tested for forniuldeliydii by addini; to it 
10 dnijis of 0 .'t jM-r cent solution of plienvlli.xilraxine hydioeliloride. 
I dnip of 0 .'i jicr rent solution of sixlinm nitnipriissidi-, and 10 dio)is 
of IO|H-rcciit solution of Msliiiiu hydroxide. If any formaldehyde 
IS present, a blue eohimtioii is obtauiisl, changing to gicen and 
nfternanis to n yelhmish-nsl. 

A iiion- summary pnss-ss is thus descrilx'd by .Miilhkcn.' 

Dissolve one dnip of the alcohol in 3 c c of natcr m a (■ inch 
test-liihe Wind a piece of rather liglit eop|H‘r win- niiiiid a lend 
|N'iieil, so that tlie ehiscly-eoilcd spiral shall form ii cyhiider 2 cm 
III length, nhile 20 em is left unbent to serve us a handle Oxidise 
the spirai su|s'r(ieinlly by holding it in the upper part of the Ihime 
of a Itnnsen burner, and then, aliile still at a red heat, plunge it 
into the nieoliulie snhition. (Tins tnsitment oxidises a |siitioii of 
the methyl alcohol to formaldehyde) Withdran- the s|nrul 
immisliately and eisil the test-tube uith iiinnnig water lleia-iit 
the oxiilatioii of the solution tuiee liy the niethiul gixeii .\dd 
onii or ttto limps of O.') ]x-r is-nt nipilsius solutioii of n-son-inol 
I’oiir the mixtiin- slowly into ii sis'oiid iiirlinisl test-tube eoiitaiiiiiig 
.l-.'i ee of pure emieeiitratixl sulphiine aeid If formuhlehydi- is 
present, u eoninel ring is foniied, and on very gentle shaking, 
llwks of a elinnieteristie nsl eoloiir apjs-ar. ,V eonlaet ring is 
also gnen by aix-tahlehyde, but the tha-ks an- of a eolonr varying 
from yellow to brown. In this fonn, the test will slum about H to 
to (s-r ei'iit of methyl ahsihol in ethyl aleohol. 

A mixlilhxl imd mon- delieate form is due to Miilhkiii and 
Seudder.’ The oxidation is earricsl nut in thi; same way, but the 
ois-tahleliydr is reinovixl by Ixnling the soluliim down to alsnit 
one half its volume fhmie of the formaldehyde is always lost in 
doing tliis: Uie best n-sults on- therefore obtainixl by evaysirating 
down under diniinislied pressure at 20° to IIP''. With very little 
formaldehyde, tliii formation of the eliaraeteristic llorks is slow; 

‘ -* Itlenliliealiiin of INiie Urguns- romisjunds,” V«l 1, p. tail 

• .tmir. ('ton. J., IWIO. H, 444. 
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hrnn* Aftor urMitinn Hu1|thiiii(' arM thr M>1ution ii« Hlltranl to 
ataiKl fur tlioM' iiiiniiti*<4, noil llini slmkon vor\ for ono iiutiiitr, 
•10 an to niusi' tho tuo Hiirfai^'ii to but slowly iiiul not 

pxriK'itvf'ly Till' fornmtion of the ri'il thK'kn im h ntr(Hiiiir> |Hir( of 
the li‘Mt, AS ml i-iinliict rm^ an* ^ivisi hy otliei Auhstiinis's, ry, 
ats'totie mill rliinetlijil eth\l earbinol .M(‘tJi\I esfeiH, fiM'(h>l 
others, and Mvondan* aiul tertinr}' hiityl iih‘ohr»l« ^ive the Mitiie 
nvietion am methvlnleohot Tins form of the b^t will detis-t iiboiit 
2 to W |iiT f'i'iit of nu‘tli\l iileohol in etli\l alisdiol. 

^Tlie riietlhKl of ovidatioii |)M(h>s(s| h;i HiiikcM is soiiieuhat h^H 
tliHll the fore^oiri^ About r> |mt isiit of luetlnl iileohol 
in etlivl nhsiliol enn be (ietis'ted h\ it \iniiiotiiuiii |N'isul|»hute m 
iisisl iin the oxidising 

Add tt S i;nim of lliihMilt to I e e of the aindiol. follouisl b) •! e.e 
of siil|ibiirie iieid (2ti |m r <ent ), dilute the iiiixliin' with wiiter to 
a bulk of 2b e<‘ iIihI ihstil it Collis't the dlMillate m fivieliuiis 
iiie.isiiNiii; 2 ( e eneh, until li\e an* obtaiiiisl TIi'* lifst two aie 
n*jei list as lliex loiiliiiii loetiihMiyle, the otlierh aie teabsl 
b\ atldiiii: a feu dit»|is of s(»liiti(in of niut|»hme livilroihloride 
(1 III 2(Mi) to the iit|iiid and then eaiefiilh |M>iiim|; a la;ver of atnuit; 
Hiil)»liiiMe and down the sido of the tula* If foritialdehvde m 
presriit, a \io|el riii)t is priNliKed at the hiirf.ue of loiitiiit of the 
ill id am] ii)i|N>r li(|iiid A blank e\(K'riment on |iiire ethil uleoliol 
sliinild Im> done at iheMUiie tune A< i‘la]deh,\de a d<'e|) oiatipe 
•lour llinkel toiifid that liais*H of foinialdelivde, enough to p\e 
A faint \iolfd ritiK with the iiiorphine test, wen* aluii,\H |iiodii(ed 
111 oxidihing etiitl nleohoi, whelh<'r with |M’rHiil|ihale, |K‘rinanffanule, 
or biehroinate 

Phlorocluelnol may abo lie usnI as a teat for fon)ia]deh>de It 
t(ivi*ii a nilour xartinj; fmm >ellowish'ns] to violet-red, nminliiif; 
bi the n'hitive ismis'nt rations of the foriiiiildehyde and phloro- 
*);hieiitol Aeetnldeh>de, however, iinleiiH in xerv small <|uaittili. 
also ffiies u colour, and, moreover, elh,vl aleohfil niny undei 
certniii conditions of oxidation ^leld trms'K of formaldehyde, an 
nobs] by llinkel Hems* tlie acs'Ubiehyde miinl be removisl, and 
a eonifNirative e\|H‘rimenl should la* iiiudu with (*th)l aIhiIioI 
The M'etaldehyfle may la* <*liininabsl hy diatdlation as deHerihisI 
by Hinkel; or by hmlinK the liquid down to about one-half ita 
bulk; or by oxidisinft with hyilrogeii ]N*n>xide. cxeetiH of the latter 
* being reinoveit with a little acNlinm thioHiil|»hati‘ Mitulion 

OtUie acid aIho givis* a delicate rearlion U'itl: forinaldehydo 
j llip liquid to ht* teriteil ia mixed with tl 2 c.e. of a Haturauxl ahsiholie 

N 


> Anal^, ItWS, 88. 417. 
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■olatlon of gallic arid, and poured carefully on the top of aome strong- 
sulphuric arid contained in a trot-tube A ring of blue colour, or 
green and blue, is prodneed at the surface of eonta<'t if formaldehyde 
is present 

Sangld-Ferrii^ro and Ouniosse have ap|ilied both the phloniglueinol 
and the gallic acid rcarliona for the dito-tion of incth.vl alcohol in 
abaintlie.' Fifty e.c of the distillate are mixed with 1 c.c. of pure 
sulphuric arid and then treated with 6 c.c of a saturated solution of 
(lotassium permanganate After a few minutes the liquid should 
hare a hroirn colour, and if any cxeros of pcrninnganatc has bi^ 
used, onn or two drops of a concentrated solution of tannin are to 
be added. Sixliuin earlxmate solutiim is then added until a slight 
alkaline reaction is obtained, the liquid filtered, and a ]Mirt of 
the clear filtrate treated with Sec. of a (11 per ront Holution of 
phlorogiueinol and Ice of a strong solution of |s>lassiuni hjdroxide. 
A Imght riHl eolonr is given if the absinthe contained methyl 
alcohol; any } ellnwish-nisi' or violet colour is disregardisl. Then 
to confirm the result another part of the alkaline lilt rule is acidified 
with dilute su1]iliuric acid, and shaken with a few centigrams of 
powdered gallic aeiil until the latter has disHohed, when a littlo 
strong sulphuric acid is cautiously isiimsl down the side ol the 
tuln*. Afti-r a few sisinnds a blue coloration appears at the rinic 
of cmitoet if formahirhyde is presi-nt 

li. Seudder considers the eoiifirmatory ]>ar1 of the test (with 
gallic acid) as of no value, Ixvaiise the reaction is tisi delienle, and 
may Iw produced with traces of foriiiiildeliyde jielded in the oxida¬ 
tion of ethyl alcohol. 

Two other pmeessrs depending uisin colour Tractions given by 
fonnaldehydo may he briefly mentioned. 

0. Franoesebl detects methyl alcohol in Ix'verages and tinctures 
by distilling 2U e r and eolleeliiig Ifi c.e. of distillate, which is 
again distilled and Her eolleetnl. This is oxidised with a glowing 
copiKT sjiiral, and the solution is divided into two portions. One 
of these IS treated with 1 drop of 10 per cent, solution of sodinm 
nitroprusside and I drop of piperidine; a blue coloration indiratea 
the presence of ethyl alcohol. Hie other portion is boiled for one 
minute, a drop of phenol is added, and the solution poured on the 
surface of strung snlphurir acid; a red zone develops if the sample 
I'ontaincd methyl alrohol.' 

U. Pulentl proceeds os follows: Fire c.c. of the alcohd, diluted 
to EU e 0 , are distilled with 3 grains of sodium pemiilphate and 

> Am. CKm. andl, IW3. & 82-3; An<i<v>l, im 28, Ua. 

’ J. Chtm. Sm. (Ahsl.), IRIS, 108. ii, S88. 
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10 r.c. nf ?() |)rr rent. Kulpliurir arid from a SiW r.r. flank Thr 
diatillatr U rolIrrUil in frartionn. rarh of niKxil 3 r.r, and Ihr 
fifth Mil'll frortiim ia ti-atixl with Nrhrj'rrr’h iratn'iil Thia rraKrilt 
cnnaiata of 2 r.r. of a fmihly-pn-iMml and flltmal Mdnlinii (I |H'r 
cent) of |ihrn,vlliydror.iiir li\dmi‘hloridr, 1 rr of fn'alily-pn'|iHrrd 
polaniiuni frrrirjanidr wiliilion, and A r r of I'oiii'i'iilralnl liyilni- 
rhlorir arid it (oriii a nil rnloration with foriiialilrhyde If la 
daiiiinl that I {nrt of methyl alrolinl in lOIN) parla of rtliyl alroliol 
may lie di'tii'tiil in tliia muiiiii'r Tixi miirli formnlilrhyde diminii'hi'a 
til" viiMliieiu'iiii; hence if the colour i' not lery iliHlinrt tlio 
diatillate slioiild lie diliitnl and af;uiii tivtiil' 

Trtllat’s method,* aa ImproTcd by WollT.’ 11io prineiple nf ihia 
method •«>n‘<ista in the tniiiiformiition of methyl aliiihni into 
foriiialilehyde uiid iiii'lliyliil, followeil liy the eonileiiwitioii of them' 
|>naliiiti with lllllll■tllyhll 1 lllne Tetriiiiietliyhlianiino'di|ilienyl- 
metliane la olilaineil. - 


('If, 


(:.ii.N(('ii,). 

(’,ll,N(t'll,), 


lly oxidation of thia with lead dioxide, in a aoliitinn alifthtly acid 
uitli jM'tie aeiil, II line liliie eolonilion ia prialiinil, inteiiiiliiil hy 

110X11111,' 

Procedure, In a roinid-hottomed. ahort necked fliiak of 3(X) ee. 
e,ip,ii ity |iliiee 2INI e e of a mixtiin' iontaiiiiiiK, |M’I litn-, UO grama 
of lail.i'iiiim diehnimate and hil e e of aiilpliline arid (1) -■ I N'l.'i), 
Add III e e of the akiihol to Iw teated, at IKI [a-r (I'lit. atrength, or 
elae aiirh a ipiantity as will roiitaiii Ihia ainouilt of alcohol. Nide 
hy Hide with the iiiain rx|ienmenl larry out iilao eontrol experi- 
menta with fl) puce ethyl aleohol and (2) ethyl alroliol roiitnining 
0 2 per rent of niethy I aliohol. 

Mix till! aleohol thoroughly with Ihn dii-hroniale aolntioii. let 
the niixtiin' stand thirty niiiiutca, and (hen diatil it slnwrly. l<ej(x<t 
the limt 2ll ee. nf distillate, ns this jiortion lontains aietaldehyde 
and ethers whieh mask the final nmlion. t'olleet the next Jitl e.e, 
diatilleil aiowly, in a small atopiwn-d ilaak of Iil'fi2 e.e. rapaeity, 
and add I e.e. of pure dimethyhmilinc (h,p. 11)2°). (iose the flaak, 
which ahoiild noir be quite full, hermetically; and keep it during 
eighteen to twenty hours at a tem]H‘rature of IS-18° to elTcct the 
condensation. 

Pour the contents into a ronnd'battomod diatUlation flaak 
(120-12.1 e.e ), add 3 graniih-a of pumice and 4 or ii drops of phenol- 

•d. CtcM. Set. (Abal.), Ills. U8. iktSS. > C'eiaM. rtwi., IK98,'U;, i!U. 

* dim. /lut. Ptuleur, 1902, Id, a 
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jihtiuilciii wilutiiin (I )(m»> IX'>' liln') i then fniiii a liurrttr ran in 
Hinliiiiii liydniviilc solutitin (KKI {(rnnis |mt litrr) until a )a'rnmnrnt 
rule (iiliirntioii is just iihtninrd. Non distil idl 31) c.r to olinimato 
till' ou'css Ilf diiiiidhylanitiiii', isiol the residue in the llask, and aihl 
to il 30 e e of Mater and I e.e of |;laeinl aeetie aeid. Shake M-rll, 
and n-inoro 10 e e of the mixture to n small test-tulu' Make a 
siis|H'Usiou of lend dioxide in uater (4 );ramH |st litn‘), and add 
a feM drojis (the same niimher in the eoiitnils as in the main ex|ieri' 
ment) to the eontents of the test-tuls-, uhieh then elo e M'ith the 
Ihiiiuh and niiert a time or tuo If methtl alcohol Mas jiresent 
a line blue (siloiir is jinshieeil The )iiin' ethyl aleoliol should 
shoM’ no blue tint; or m any ease, if a sli|;ht eoloratioii should 
a|i|Msir. loo nnieh im|Kirlunee must not Im‘ nttrihnted to it. After 
the tnls's have hism eom|Nired they may Is' henteil to the hodiii)' 
|>oint ol the lii|uiils and acain examined at the end of five miimtes, 
the ililferenees of isilonr are thus minli neeeiilnntisl, 

II Seiidder' ri'inarks that this melliisl is dehe.ite and fairlv ru|nd . 
(lime rei|uin'd, alsait live hours) lint il must Is' used Mdh ean‘, 
as the lest may he H|Miiled liy slight variations in |inH'ediire, or 
even sonietimes hy eanses of iiiiknouii orij'iii when the iiiis'ess 
has Is'en slrietly carried out The chief olijis'lion is that all the 
ais'laldeliyde must Ih‘ removed. otherMise an interferiii)! eoloiir will 
n-snil. lint some mftliiilnl distils over with the neetaldehyde. and 
lienee, sinee the lest de|H'iids n|uin the metliylal, if oiilv a small 
i(uantit> is presi'iil the iisiult may he vitiated. 

•I VVollT^ Inis found that s)iirils eoiitainnif; eaiamel or siierosix 
when treated with ehnimie acid and distillisl iii a eiiirent of ste.ini, 
yield gsilv niensalion prodnets of formnldeliyde wliieh f'lve the 
stninit hhie colour ns above deserilasl on treatment with dinieth)!- 
iiiiiline and lead |s-roxide It was found that la-vulose, whether 
luldisl diieetly or nrisiii)' friini th<‘ hydroivsis of eniie-nn|>ar, was 
the only sn|:;ar civ me tilts reaetion lienee spirits eoiitainiiif; eane- 
siigar, invert-siicar, or earainel should always be r(‘-distill<sl Isdore 
they are examined by the fiin'goiiig process (Ihstillation is, of 
eoiimc, a gimeral pna'aiitioii which should be taken whatever jimeess 
IS umsl) 

Cata^Ue dehydroganatioii ol mathyi alooliol to lormaldebyde.— 
Methyl aleoliol iiassisl over heatisl co])|aT ia deeomixweil into 
formaldehyde and hydrogen (Sabatier and Sendeiens) This 
reaetion has beim usisi hy Mannieh and Oeihnann* for the dctec- 

I /sir fit 

• Hull. ts«if rhm Hurr., im. M, lOJS i (.\bsl.) Amtifiil, 1007, 32, 333. 

• .ticA. 7>Win, llllll, 251, 50. 
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lion of mdinl tiK‘oli(»l in \aiioiiH Tlir \n)Niur of llu* 

liquid under cxAiiiiiiiiluMi l^ iMihMil oxer )niiiii<e iiniiri'gimteil uilli 
TCflumi eop|KT nnil tieuled to 2S0 In tlo' eondniM'd priNliiet, 

Idle f(»rmaldehyde uhiolt n^iiltx in detii'tcil lix the Molel <‘oloi>itioii 
develoiNil on tnnitiiient uith inor|)hitie and Mion^j vulphuiie neid 
OM alifa<i> dea(nlN'<l 

All nqiK'oiis •solution roiUainin}! ll] fN>r leiil of iiiethxl aleiihol 
|2ive> a loiideiiAHte uliirh develo|i> tin* uiloiation \ei\ faiiitl^k ultei 
one hour In tueidx-toiir hourh the eoloiii lM‘t*onle^ inon* distiiiet, 
thoii}!h htill faint The iJietliMl ih htiilid 1o he iiM‘ful foi deteetmi; 
inethxl ah'ohdl in liloiHi oi iirine, a {KiMtixe rehiilf heiii^ ohtiiiiieil 
from sih little .iK 0 01 ^rraiii of the aleohol in ItHI < e of either of 
theM> liquids. 'J'he hhaNl nr mine hoMexer, must he liiietionaled 
to eoiueiilnite the methxl aholiol. .md the fiaitmii eoiilaimii}; the 
hitter iinist he hoihil foi Miiiie tiiiii* xxith fiehidx iifiiiti'd aiiimid 
eliari-mil liefon* heini; |MisM‘d oxer the e.ilal^Hl Kxm xxith IheH* 
prei’aut lolls the lataixst (fnidti.ill> lN‘eo|llt‘^ |N>iMined 

111 oidel to detirt methxl aholio] in the pieMiiee o| e(h,xl ahohol 
the mixliire is diliit'Hl if iie<essiir;k. to eontaiii about on per leiit. of 
water, and ]Msse<l oxer the tataixsl .\<etahle)i\de ih leinoved 
from the rondeiisate hx he.itiiit! it iii a xadiiiin. and (he ri'Kidlial 
liquid tested for foiiii.ddehxde xxilli iiioiphilie and Mllplnille arid 
.d hi foie II the original iiii\tiiii‘ lontaiiis hs.s (liaii I |K‘I' tent 
ol methxl aleohol the dllutnl solution olioiild h(‘ ie|i<'atedly 
friu'tionated la'fore the teM applied to the fiudion in which the 
methxl ah*oliol Ikih lieen eoiiiTidiated t)'i JVr eimt of nieth,\l 
ahohol III brand, V eati la* ileteetcd hx this pnaisH 
The fori'^oiuK nietloKl is iinhided liere iH'eauH* it iiiticKlui'iK 
a nexx pnneiple, the dehvdrojp'iiation of inetlixl aleohol h,v heat 
illhtt^ad of eonxersioii of the aleohol into forinaldehwle hy the 
onlinary oxidation ))na-ewie.s Jt nia,x he UMfnl in hia>eial euM'H, 
but ap|N'ars to In* leaN M^nnitixe, and ia ei*tlain),\ more IroiihleMiine, 
than some rif the other 

Convertion loto nltromeUiaDe (P. \ Haikoxv i) Two humlrrHl e e 
or otlicT Hiiiiable quantity of (he Haiiiple an* aeidiiH*d with phosphnrie 
acid, and Jtl cc. diatilled off. To (hia. eontaimsl in u Miml) ilaKk, 
25 grama of iNiwdemi icKlitie an* added, and then 4 grams uf 
anior})houM phoaphonia; the flaak ia at onee eoniiee(<*d with a 
reflux condenfM'F and the action allowed to iinN'ifrl for tw'<‘)ily 
-minutes The condenbor m then revened. and 5 ea* distilled off , 
‘ tiiia is mixed in a small flask with fnim 2 to 3 gRuns of sUver nltrito 
and gently dutilled, tbn distillate being eoUccted in fractions of 
‘ Jimkth /itfern. Cong. AppUed Chtmulry, 1912, 29r 417 
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three nr fmir (lni(w in Hiiittll hut-tubeH A litOe Htrong HiiimnniA 
Holiitinn in iiriiled to cueh fmetion, folloucd by a small quantity 
of a ntmiig nniutinn uf nwlium nitniprunaide. 

If inothyl nlrnhnl in present, nitmmethanc in formed from it 
atuHinling to tho well-known reactions;— 

3CH, OH H- P H-1, - 30H,I -f- H,PO, 

(.'HJ + AgNO, - CHjNO, + i\gl. 

The iiilmmetliane, alien treated with ainnionia and nodiiim nitro- 
pninnide an deneriUil, yields a blue eoloiir, ehanging to gnm and 
tlnally to yellow. The tent in not vitiutinl by aeetone, whieli under 
niinilar eondilionn given a colour nimiiar to Hofmann‘n violet 

Inntead of nodiiiiii iiitroprunnide, (' I) MunwilT eiiiployn vaiidlin 
in thin tent To the timt five drojin of the dintillate from the niher 
nitrite, live drojih of ammonia nohitioii and H-tM grain of vanillin 
ore added, and the niixliire heated A red eoluur, nliidi diMip[H'am 
on eiMiliiig, nhimn the prenenee of nitioiiiethiiiie. and henee of methyl 
aleohol in the oiiginal liquid. Nitiva'lliaiie nndei similar eonditionn 
given only a slight yellow eoloiir It in elaimed tlial thin tent will 
detect one part of nitronietliaiie in IIKt.lMld paitn of nilioethane.' 

Conversion into methyl 3 : SHHnitrobenioate (Mulllken) - Siv tho 
eorreK|Kinding pnavns for ethyl alcohol. )i. 201 Tho dinK'liona 
given by' Mulllken an' .— 

t'onwrt 4 drojiH of the aleohol into its 3 .‘i-dinitnihenzoale,'’ 
an deseriiied in the eane of ethyl aleohol. 

“ Boil the reaetion-iinxlnet with 12 e e of diluto ethyl alcohol 
(.1; 1). ('mil, ahake, allow to aland for a minute nr two, and filter. 
Wiwh with 2 e n. of ntning eolil aleohol Kecryntalline from 12 g.c, 
of Ixiiling dilute aleohol (3 :1). Cool, shake, allow to stand for a 
minute or two, and idler. Wash the erystaln with 2 e.e. of mid 
strong alcohol. Dry at a temperature not above 1U0° and determine 
the melting point. 

*' The erystaliino methyl dinitrobcnzoato obtahicd in this reaction 
melts at 1U7'6° (imcoir.)." 

Conversion Into 8:4-dlidtrogoltolo (Blanksma).—This motion 
oorresponda witli the one noted on p. 202 for ethyl alrohol. The 
sodium derivative of methyl alcohol is formed, and by its action 
on l-ehloro-2; 4-dinitrobnnzcno the compound 0Jf|(NO,),'O CB| 
U obtainod, and identi&ed by its melting-point, 86'9°. 

IV.—Determination of methyl alcohol in the 
presence of ethyl alcohol.— In the following pages an 

> Zaltch. Sthr. Oamm., 1014,37, MOi 
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dcDcribed incthndH uliich I'mi Im iwnl for tlif> (wliiimtiuii li inrUiyl 
alrohiil wlion ))fewnt in mixture uilii elhvi nlcoluil. (Vrtniii 
pra«'8!iMi are inclndi'il hen- ahich are iwi'iilialh' qiiatitolirr, but 
whirh can iievettlirkwi Iiu iiuule to yield fairly fiiKHl a|)))mxiinate 
leaiilta by eompaiiaiin with “ eontml ” ex|HTmieiita made un known 
inixliirei For example, the timr-hunouinl iiiellind of Aielie and 
fiurdy, tediouH but Inintaiirthy, ean be enijilnyi'd in tliia 
way. 

.\a n'ininia tlie la-rl nietliod to line in iiiiy (iiirtieulnr laae, niueh 
will ileiiend u|H)n the pniliable pniportiun of metliyl alroliol in the 
inixtiin- .No one inetliiHl will Kuit erery eaM- The refnieloinetriv 
pnKi'as, for iiiatuiiie. would Ih> uu'lesa in exaiiiiniiig wihhI na|ililha, 
on aeioiint of the aeetone preaent, the iialiile uietliiKl UMil for 
uoikI iia|ililliu would lie iiiii|i|ilieulile (w'ltlioiit nualifieatioii) when 
etiiil ak'oliol la alw a roiialilueiit of the iiiixtiire exiiiiiineil, the 
oxidalion iipx'iaw of TIiorjH' and llolnii'S it not eiiitalile for very 
Miiall i|iiantitieh . and so on Moirover, a|Hrt froii. the i|iiealion 
of |ipi|K<ili(Hi. it iiiny lin|i|Nii tliiil in |mrti<ulur eimiiiintaneen laie 
priwesa will In- nd\,inliiy>eoiih an roni|inrr<l with another, thnuf!li tlie 
latter may lie iihiiiilh the In-tter lint no far an a )P'iiernl indiea- 
tion ean be kim-ii, the following eoininents will M-n-e an a useful 
gniili- 

For M-ry small quaiititien, ranging up to ,1 or 4 pel cent., lleiiigiVa 
pna-enn as nKnlilieil by the writer (p ISI) will k- fiaiiid. in general, 
by far the k-st to iim- Kveii when the pniporlion in an inneli an 
H to III |H-r i-eiit of the total aleohole, the inellnal ean ofbn la- used 
to advantage, thougli of eoumr any erior in iiiateliing the eoloura 
in then niiiltiplii-d rather largely, aiiirr only iikiut llHlli! to 
0IIII4 gram of niethy I aleohol is pin|iloyi-d in the aetual eoin|iHriMin. 

With iniKlerately large pin|nirliMiH of methyl aleohol- nay from 
5 to 1,5 per eeiit—the iifiK-esn pminaaal by Tlioria- and Holmen 
(p IHH) gives quite satisfaetory rrsniln With still larger iiropor- 
tions fair estimaliona may he made by means of the immersion 
rufraetometer (see fihap VII). But in rinlinary praetire the eases 
are few which ranpot lie treated by one or other of the two methorls 
first mentioned, confirmed if necessary by the nhortcnnl form of 
the itichc and Bardy process, or by such of the remaining methods 
as may best unit the eireumstaorea. (For the determination of 
methyl alcohol when no ethyl is present, see under “ Wood naphtha ” 
and “ Alcohrdomctiy ”). 

: Denigiw'B rnetbod,* mo^ifled by the anthor.*— 

The principle of this my convenient method is the oxidation of 
f > OompL nsd,- MIO, UR Nl, • nt Analfd, IMS. 91, IS. 
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llio iiK'tliyl iilcnliol in fiiniiiililcliydr, unil the ll('ll■(’tl<ln nf the Iiittrr 
liy iiii'aiw of Srliitf'H in fho jinwiiir of miHiricnl Hul|ihurir 

lU'iit to |in'ri‘iit the <li>vi'lopni<‘nl of colour with nny aix-talilchydr 
fonnctl fnini the ethyl uleoluil <hirin)( the oxulalion. 

The folhmiiiK HolutioiiH are na|iimil -- 
l‘iitttiiiium immiitiqnmlr -2 (t (iraina of KMiiO, |a'r UK) e.e. 
Omlir arirl I) 5 (Imina of the eryatalhsed acid per 1IMI e.e 
SrhiJ} n miijeHl Dissolve 1 fimin nf pun' fiiehsiiie (rosaiidine 
hydnx'hlorhie) hi nlxiiit half a litre of hoi uater, then add, little 
hy little iu\fl shahiiiK well after each addition, 2ll e e. of a hutiii.iled 
aipieoiis solution of stslluni liisul|ihite, fnllonisl li\ Id e e. of slroiif! 
hydriH'hliirie aeid Cisil, and make the hulk up to 1 litre with 
distilled w.iter The reii|{ent slio'ilil |;ive no eoloiir with |iuie elhO 
aleohiil when this is trealisl as ileseiilssl Is'lou. 

Mfllijil iilciM 1 (irain [s'r litre, in Id (S'r is-iit elhsi nleohol. 
The aleohohe mixtiiii', piirilied In e.\triielion uilli |M‘lioleiiin 
ether us aireiidi deserils'd (p I7d), is diluted with water or mixed 
with ethyl aleohiil, us the ease may ri'ipiin-, until it eoiitauis Id per 
iriit of tiilul aleohols 

To .'i ee Ilf this prepan-d liipiid eoiilaiiii'd in a wide test-tiilM' 
all' added 2 ~i e e of the |H'riii<ui;'an,ile .solution, and then d 2 e i 
of stroiie siilphiirie aeid. and the hipiids mixed When the leai linn 
has pns'is'disl alsiiit tims' inmiiles, d.l ee of the oxidie and 
solution is added, to dissolve the )ins'ipituted iiiiiiiKiiiiese oxide 
Dll slinkiiif!. the liipiid lieisiiiies clear and nearly isiloiirless 1 d (' e 
of slniii)' siilphiirie aeid is now run in and well mixisl with the 
solution, whieh ia liiially tn'iiled with ,'> ee. of the iSi'hifTs d'lijieiit 
A violet eoloiir is develii|M'd in the eoiirse of a few miniilea if methyl 
aleohol was pn>sent. iinh<ss in mere traces, when twenty or thiity 
mimites may la- m|uired 

A iirelimhiary rx|H'riment earriisl out us desi'rikisl sen’es tu 
detect the pn'seiiee of methyl aleohol (if this is not uln'ady know n) 
and to )(ive some idea of the quantity Aeronliu); to the iiidiea- 
tioiis thus obtaiiusl, another part of the pre|Kinsl liquid is further 
dilutisl. if neei'ssury, with ethyl aleohni of 10 |x'r rent stn'n|>th 
until it mnlains from dddi to OdtM ((rain of methyl alcohol in 
0 e.e.; and the exia-nment is rr[Kxitr<l, aide hy side witli two or 
more staudanis for eoniparison These nintain (1001, 0002. 
0 (KIS, ete.. ({mm of methyl nimhol in 5 e.e of 10 jxt cent ethyl 
ahxihol The rolours produced are compared in small Nessler- 
tulira (2!i r e ), or in a suitable rnlorimetrr. 

With (iroperly sensitive flehiff's reagent, as little as 00003 gram 
of methyl aleohol in Uio 5 c.o. of liquid taken la readily detected. 
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Th4‘ iH’Ki ilopthi* Ilf tulniir fur ItonrxiT, im* tliiisc 

Ly tlir forjnn1<Mi\ili* in fiir jiiaiimT iIomtiIh'iI fniiii 

quantitif’M nf (MMH tii 0(HM pniiii of mrthO aleohol 
It in convciumt to kiTp ii Miinilunl tvihitiou (I ^niiii jnt litii*) 
uf inrthsl niroliol in It) |N‘r rent otli)l iili'ohot Thni ia (liliitod 
as n‘ij)iin'il uith It) |K‘r (ciit alcohol to foiiii the htiii)(lani>i 

for coiii|mnson The hlrenj^th ot the iileoholie iiii.\tiiri' for oxiila 
tion M ehoiii'n at It) |mt cent for ioii\ehieiur. iih the iliMiUaleh 
or(linaiii\ ohtaiiied are of liijflier ahoholie stn'iiKlh, amt eun thiin 
he ililiiterl iIomii to llie nHiuheil ilejine instead of liaviiig to la* 
eoiieeiitialiil or inixiil Mitli stioiipa alcohol 

The |))(Kesh Jus the athaiitap's of (I) hem;; lapidK exeeiitnl, 
(2) ri'ipiiiiii)' onl\ a small i|uantil\ of iiiatenal. and (?l) heliiK 
diieitU apiiliitihle to lelativeh neak distillates It is (‘siariaiU 
siiitahle for the estinution of siiiall (|iiaiitifles of loethxl iihiihol- 
MU fioni t) 1 II]) to 1 |M'r iriit m elhU alcohol 

Koriiialdeliule, of (oiirs*, niiist la* altseiit from the nnoxidisctl 
solution of alcohols or else its elfi'ct niiist he deteriiiMhMl and alloaed 
for (tluerol must also he ahsent 

Notes, The 4|imntities of M'lip'iits nuiitionetl should he ineasiiMsI 
aiciiiatcl.x. 4‘s|Mf i.ill\ 111 i«‘s|)eet of the iN’rniaii^Hliiite solution and 
tin* siil|iliiiiic acid Witlim limits, tin* foiiner governs the quantity 
ot form.ildeliN<le piodiK'i'fl ami tlieicfon*. juiilmril.x, the intelisiiy 
of colour ohlained 1'4io little t4itiil sulphurie acid muihl allow 
4if I'olour 4|eveIopin]{ frimi (In* lui'tnhh'lixih'. as well as from the 
toriimlileh^ih*, whilst too niuih lesM'iis the mtensit;i 4if tin* I'oloiir 
in)m the latter A 4*oiisid(>nihle cxi'csn of Hulphurn ni'iil at tht* 
oxidHiiif! slaK4' max r4*siilt in some f4irnial4h'h\d4- Ih'iiik ]ir4idiiced 
exen from elhxl alcohol itsi-lf Afiain, if tin* final volume ot tin* 
hqiiiri ia inereii'H'd eonsiderahly iw hv the aildition of M) I'e of 
Si-hilfH wiiKeiit instead of 5 4- e tin* concentration of the Milphunc 
a4i4l may he so much rcduc4'd a» to allow iif 4‘ol4fur (levelopiii;; 
fr4»m the acetaldehyde. Ihit providwl the direetuaiH idxen an* 
adhered to with reasonable exa(*tm‘88 then* in im nak 4)i any aiieh 
ciTora arising A naefiil enlieiani of the metlnal haa Im'W writlwi 
hy (i (Veil Jonea ^ 

To obtain the gn-ah-Ht degree of aei*uraey, it is iiee(*(4hary to 
treat the hain|»ln and the atandarda quite alike aa n*ganlK quantitii's 
of n-agenta The second quantity of Kulfiburir aeiil added, for 
example, may not be exactly 10 e c -- it may 1 h* (M) c c. or 1 I c e , 
but wi hmg a« the Mtme x'olume ia addixl to aaiiiph* and to standard 
this HinuU variation xrill make no difference to the rtnaJta, Providwj 
* 191ft, Ilk 
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all the Dtlirr ('(inditiiinii an- ri)i;idl.v a<lhmil tu, the liral way of 
iniTraHing tho M-ttaitivpiioiu of the tral in, in the opinion of the 
writer ((iKilcd, to umi Sec of perniangaiuito Buintion inHtead of 
2 a, and ax a eonxeciuenco, 1 e. e. of oxalic acid oululion instead 
of 0 S c c. 

Tlie imrilieation of tho dixtiUato by extraction with iwtroleum 
ether ax indiealeil should never be omitted, unless it ix known 
that interfering xnlwlaneex are absent. Aceording to K. Salkowxki,' 
many diffenmt alcohnlio liquids yield a distillate which gives a 
n‘uction indicating the presence of methyl alcohol when texted 
by Donigex’s method. These xhould therefore lie purified ax indicated. 

Some three years or mom after the foregoing process wax 
published T. von Fellenlterg di'xeribed the xamo metiuxl with 
Home slight iiuslifieatinnx.’ lie adapts it, for use with a distillate 
which may contain only aquixmx methyl olcohol, by adding a 
mixture of ethyl alcohol and dilute sulphurie neid Isdeix' oxidation. 
See his xiibxuqueut upplieution of the metliixl to the deterininntion 
of iH'oliii in sjiiecx, given a little later on. 

Kliax hUvuve has applied the pixwexx to the dclection and estima¬ 
tion of methyl alcohol vujiour in air ’ lie liiidx that the xenxitive- 
m-xs ix inen'oxed fur this purjKixe by mdneing the pro|Hirlion of 
ethyl alcohol present from 10 |irr rent to 0 .'i jxt mit., the qunniily 
of oxalic acid iM'iiig increased to 0 7 c c on nceoiint of the decreased 
nniount of etliyl alcohol. In thexo circuinxtaiKx-x, ax little os 
0 1 mg of mctliyl alcohol xhowcil a coloration on standing for 
40 miimtcx. 

(Iliix ix, of course, a different problem from the detectinn and 
estimation of metli,\l alcohol occurring in ethyl alcohol, us the 
methyl alcohol vapour is absorlied in imler.) .A definite volume of 
sir eontaining the vapour is suitably passed through water, and 
to estiiuato tho methyl alcohol in this or any similar aqueous 
solution proeeed ns followx: 

Ascertain by a preliminary experiment the approximate amount 
of methyl alcohol in tho solutioti. If this shows that 6 o.c. of it 
contain more than 1 mg. of methyl alcohol, dilute so as to liiing 
it within this limit. I^x 4'5 cc. of this dilated solution with 
0'5 c.c. of 4 per rent, ethyl alcohol. Similariy, prepare several 
Sec. ]iortions of standard methyl alcohol solutions by dilating 
the proper amounts of a 01 per cent. (Oi gram per 100 c.c.) aqueous 

I ZeilscS. AToAr. Cfenuam., 1914, 88, 925. 

r In Milt. LabeHmaUdtutlert. Hyg,, 1915, 6, ii if. CAcm, Sqg. (Ahst.), 
1915,188; li, 587. 

• J. Ind. Eng. Ohm., 1817, 1 , 285. 
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BuluUon of mrthyl nlcolml to 4-,T t c with wiitir mu) tlii-n HililhiK 
Oil OiC. of 5 |M'r coot othji nlcolml to cndi Tlicfn* Htaiulnnln 
lire made (o vary by 0 I top of iiictliyl nlcolml, and Ihc liniilH an* 
choflen no na to briitj; the uiibiuiaii nolulion f<u‘ c-ifuimtioii uithiu 
their riuigo The 1ii|iih1h an' then trcnbil «itli ]x>riimnganntc, etc., 
as already dewribed. but using (17 c c of the oxalic acid instead 
of 0 5 c c Before* eielding the* Se*hi(T*s n*age*itt, the seiliitioiea are 
allowed to cool to the einlinary te*ni|K'rature* feir the* niikc of unite niilly 
in tr(*atinent; itnd after the* nelelitiein, they are* iilleitte*d tei stand 
feirly ininutf*s licfore* Iming es)ni)sire*el. 

The elirectieius gi\cn In Klvenc feir |ire'|iuiing the* Se'liilf's rt*ugent 
are* subatantially* auitilar tei timse* ntre'ae]_\ iieete'il, lint a neiglie*e1 
i|uantity of aahyilnmii siHlium sul|ihite* is iisi*il instead e>f a wituratesl 
solution of the* bisiilplute* tt2 (iiani eef tine*ly jHinelcreel fui'lisino 
IS dissolved in alaiut llit) e* c. of hot wnte*r anil i*fa)lesl to the onbnarv 
ti*in|H*nilun*; 3 It grams of aiih,Mlniiis sihIiuiii sulphite are dissolvisl. 
in alamt 20 c e* ed uatcr anil uelile>el to the* fui'lisiiie* solution , tlien 
2 0 c !■ Ilf hyilisH'lilorii* acid (sp gr 1 111) an* ailelcil, anil till* aliolo 
eliiiilisl to 20t) e* e- nitli aatiT After stiiniliiig for about an hour 
the solution is n*iiily fur use 

Anollii'r iiitcn'sting iippliiatioii of the* nii'tliesl has bis*n made* 
by T Min Fi*llcnlM*rg, uho has usi*il it for the* ili'ti*rnunatiiin of 
|H*itiu III Hpiis*s by i*stiiniiting tin* nH*tliyl ali’oliol ili*riMsl from tho 
)H*i'tiii’ li'niiii 1 to 2 grams of tin* sain|ili* are* pliicisl on a tilter 
anil tn*ati*il with siniill <piuiilitii*s of Isuling lin jn'r lent ali*uhal 
until the tiltnite nu*asun*8 about 40 e e Afli*r a sinillar tnsitmcnl 
with light )H*troleuni. the* esinli*nls of the* lilte*r an* ilne*il, tranafi’msl 
to a flask, anil ilistillisl with 40 I'l* of nnti*r, 20 ec of ilistdlatu 
bi*ing volli’ctcd The inixtim* in the* flask la now ln*ntrd, while 
hot, with fi c 1 * of ]0 pi*r is*nt sisliiiin hyilroxiite solution. After 
five) miiiutoa, 2 5 i* c. of ililute* siilphuni* acid (1:4) arc ailded, and 
10 2 c c arc diatilli*d over This distillate is inixcd with 6 dtu)ia 
of 10 per (smt silver nitrate solution and again distilli*il. 10 c c, of 
distillate being colie(*trd and again distilled The tinal distillate, 
measuring exactly flee., is welghisl. Three ec. of it arc tlu*n 
treated with 1 e.e. of an alcohol-auljdiuric avid solution (21 ee of 
95 per cent, alcohol and 40 c,c of eeme. sulphuric acid diluted 
with water to 200 c c), and 1 e.e. of 5 per rent permanganate 
Miution Comparison solutions containing 6 mg., 1 mg., and 0 3 mg. 
of mrthyl alcohol, respectively, are aimilarly treated at the same 
time. After two minutes, the mixtures are each treated with 1 c.c. 
of 8 per cent, oxalic acid solution, 1 cc. of oono. aulphurio acid. 

1^ cams. Zealr., 1W6, i, A30. 
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anil 5 I' I- of inii|!i'n(ii iiul|iliun>iiii bpIiI Milulinu (Si'hifl's or Oayon'a 
n-af{<'nt). anil (hr coloratiuna obtaiiu'il am ronijianii after the 
lajMe of one hour. IV |M-etin content of the aamiile ia ten tiniea 
the content of nielhvi alcAihnl. 

Method of Thorpe and Holmes.'— Tliia jinK'ess ia 

hiiaeil U|Km the fact that, under the eonditiona deaerilied, meth)I 
ideohol la roiii|iletely oxidiaial to enrlain dio.\ide and anter by 
tn'iitnient with |Hilaaaiuin dirlmnnale and aulphiirie arid, nhen'iia 
ethyl alcohol in the aaine eimiiniataiKea givea acetic aeiiV 1 he 
carbon dioxide iirialueed ia then weighed 

The lu|uid to la' nnalyaial ia niiviHl with W'liter in aneh |iro|aii1ion 
tiuit iill e.e. of the mixture ahall contain not mom than I gram of 
methyl alcohol, and in the |imaence of ethyl alcohol nut inon- than 
t grama of the mixial alcoliola 

Kifty e.e of the diluted lii|uid am then intnalun'd into a ll.iak 
of alamt 3IKI iie cn|iaeity, 211 grama of |iotAaaiiiin diclininiale and 
HI) e e of dilute aul|ihiirie iieid (I 4) milled, and the inixtiim nlloncd 
to mmaiii for eightivii lioura. A further i|iiniitity of III grama of 
|iotnaaiuni diehroniate and •'ill ee of atroiig aiil|iliunc acid iiiixcd 
with an ia|ual volume of water an' now iiddial, and the contents of 
the llaak hniled to the iMiiling |ainit for nlaiiit ten iiniiutea, the 
evolvial carlain dioxide lH'ingawe|it out of thea|i|uinitiis by a cun cut 
of air, and after drying with aiil|iliiirie acid, lailiccted in weighed 
Hiala-liiiie tiila-a Kniiii the weight of IHI^ tinia ohtamial a ilialnc- 
tion of Hill grain ia made for rach gram of ethyl eleoliol )ircaciil. 
aa it liaa bei'ii found that the |ina'eaa of oxidiaing ethyl nicoliol in 
the manner dCM'i'ilx'il la alwaya acconi|nuiied by the imaliiction 
of earhon dioxiile in the iiiniwirtion atatnl Hie mniainder, 
multiidii’il by 32/44, givea the I'quivalent weight of methyl aleohol. 

The n)ipnratna iiaed for carrying out thii iinwraa la aa followa. 

The tlask in which the oxidation ia la'rforimal ia lilted with a 
gniund-in ato)i|K‘r carrying (I) a funnel tulie with alnp-iaak, and 
(2) an exit-tulu' alao fittni witli a atop-eoek In the absence of 
a ground-in alopiwr a two-holial niblier atopiwr can be einployeil 
The funnel tulw laowa ni-arly to tho bottom of the flaak lla 
upiwr end ia littnl with a rubber atop|wr and tube to make laninia:- 
tion with a awln-lime reeeptaele for freeing incoming air from carbon 
dioxiile. 

The exit-tulx' ia attochcil to a amall U-tube eontaining a little 
aoap aolution, in order to mtain the bulk of the water and any anudi 
quantity of mvtic acid which may iliatil ovi-r during the Ixiiling 
At its other end thia U'tube ia eonneeted with the abaorption 
> Tmiu. Vlum. Sx., IIKM, 86. 1. 
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train TIiIh (>onKists of, first. Ivo U-tiiWH ('onlainini; |»uinu'r 
inuiatcmNl Mith Hiilphimr iMicl t<i dry thi‘ (>x|N*niHl. 
tao U*tulM'8 (‘oiitaimnt; to nliaorli Iho t'Ailton 

dioxidi*. and finAM), a ^tianl U-tiihi* <‘oiilAiniiig soda him* in llio 
iionr linih and (aliiiini (‘hiondt* in thr fiirllin liinh. uhiih im iitiiiclK'd 
to a siiitabir napimlor Tin* (aihhI soda iinir IiiIn's coiilain, a^ iimuaI, 
(i littlo rf*('4'nll>-ht*ati‘d calcinni rhlondo at Iho (op i»f oarli Iindi, 
oovon*!! uith ii layorof };1 sis8M(n> 1 or nit ton mini] to kcrptiiir pnitiolra 
out of tho i‘\its Tho aminxoiiv'nt i**. of (*011114*. trslnt Mitli a 
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currMit of air fn'O from (ftj (o Ascertain that the wei^it of (In* 
laml tulie!) mniiinn I'OiiHtniit 

In ix-rforniinK the ex|K riiiii iit, ... lliwh ib l.e)it eoolwl 

in an iep-tiath during the addition c J the (iiBt (iiianlil) of dii lironintc 
and snl|)huric add. It is then conniTted up «ith the idiHorptioii 
train, and ailowed to atnnd at the onliiiary U-mia rnture all nigiil. 
In the morning the seeond i|uantit.v of diehroinate and arid i» ran 
in through the Inp-funni l; the latter in then connected uith the 
air-|>iirifdng vessel, and a gentle current of air fnssi from earlHin 
dioxide ia aspirated thnaigh the apparatus. Heat is Uien apHied, 
and the liquid kept boiling gently for about tim mmuti*a, when llie 
flame ia withdrawn and the appuraliia allowed to coot down, the 
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ourront of air being maintaineil long enough to ensure that all the 
earbon (liuxido evolved is carried into the aluHirption-tnbrs. The 
latter am then removed and ueighed. 

Details of an actual ox)iriiiuent are as folloim 

Twenty-five e c. of a mixture containing ethyl and methyl alrohola 
were purified by Thorpe and Holmes’s method (p. I TP), the distillate 
being made up to ZfiO e.c. 

>S|iecifie gravity of distillate — 011873, — 0 3!) per cent of total 
aleoliol by volume, - 7‘4fi2 grams per 100 e e. 

Fifty e e of th« distilbite (— I! of the original samjile) thi-refore 
eontained 3'726 grams of total aleohols. This on oxidation )'ielded 
0 2524 gram of (XI,. 

t,ct T grams of ethyl alcohol, 
andy-- „ nieth,\l 
in the rX) e e. taken for oxidation. 

Thenar I y- 372(1 . (i) 

Also, since I gram of ethyl aleokul gives 0 01 gram of 00,, 
imd I grain of methyl iilcoliol gives 44/32 gram of 0(1,, 
and the total 00, pnxiiieeil is 02524 gram, we liave 

OOlJ |-<i4y/32 - 0 2524. . (ii) 

Helving the two siiniiltaiieoiis equations (i) and (n), we find 
ir -3 5084 and y--0157(1. Whence tlie pnqHirtion of nietlijl 
alcohol ill tho original sample - 0 157(1 x l(K)/5 -315 grams )x'r 
ItX) e.e. Dividing (his resnll by tho s)icvilic gravity of metiiyl 
alcohol, 0 711(14, we get 3 95 ns tlie iwrcentage of methyl aleoliol by 
volume in the original sample 

For pmctiral iiuriswes, it siillieea to deduct from the weight of 
00, found a quantity -- 1 jicr i-ent of Uie latal olcoliol—tbiweforo 
in this ease 00372 gram- and enlculate tlie remainder to methyl 
alcohol, though this gives a result slightly lower than the truth. 
Tims 02.524 - 00372 - 02162 net 00,; and 021.52 x 32/44 = 
0 1.50.5 gram methyl alcohol in the 50 c c of distillato oxidised. 
Wlieneo tho proportion in tlie original sample, calculated as before, 
is fMiiid to bo 3 03 per rent, by volume. 

W. Koenig* modifies Tliorpe and Holmes's method siiiditly, and 
gives the following detaila A flask of 1 litre capacity is used 
for tho oxidation operation. It is fitted with a two-holed rubber 
stopper through which passes (1) a dropping funnel closed at the 
top with a soda-lime lube, and (2) a reflux condenser connected at 
the upper end with tho absorption trahi for the carbon dioxide, 

> aim. Zuk. 1912, 89, 1025-1028. 



n cmaDHTRT or Hsnra ako mrt Atixftots ' itt 


ThU train ronnatn of, firat, two (Irviiis-tulipa, tuir t'On(ainin|i I'alriiiin 
c'hktririr, thn other Hulphurif arM and ]hiiiiui‘ Hlonr; wal, two 
tanal U-tulim rontaining MHla-lime; anil finally, two giianl-liilwn 
nintnining wula-limv and ralciiini rhloridr. 

Air fmal fmiii CO, it drawn thmugli tlir ii|))iarntiia, and tlir 
mixtiin- of ini-llni and pthyl alroliola jauiMyl into the flunk, Vniin 
6 to in ■' r Ilf thi- niixcil nlcohola are uiwil. an'onling to rircuni- 
BtaiiiTs The oxidising inixiun', ronsisliiig of ifl) giains of )H>lassiiiin 
lih'liromuti' in TilK) vi' of wntrr with Si) cc of siilpliuni' arid 
(s|i gr 1 M), w liii-li has bix>n lioilixl for lifteeii niiiiiitrs and 111111 
riHilitl to IS till'll run into tlii> fiaak fnmi tlir dn>|i])ing-funiii'l. 
Till' ixiiili'iits Ilf thi' flask arp niixnl and iilloni'd to stand four 
lionrs, after wliii'li tliey aix' Iienlnl slowly to tlii> liiiiliiig |Minl and 
Isiili'il fill an Ilnur To swn')i out IliP I'arlxiii dioxide from the 
flask, air is .isjiimtnl through the a|i)iaratna, at lint gi'ntly, and 
till'll linin' ra|iiilly, during nliont forty tire niiiiuti's, after whirh 
the alisiir|itiiiii-tiilH's an' weigiii'il The weiglit of eiriion dioxide 
olitiiiili'il, nnilti|ilieil liy the faetiir I) 7SN, given the aiiionnt of iiietliyl 
ali'oliol III tile i|uaiitit,\ of nli'iiliois taken 

I’uie ethyl akohiil in the isiiiditions desi'nbnl yieldi'd earhnn 
dioxide is|iiix aleiit on an average to It .'i per ix'nt, of methyl ali'oliol, 
,Mi\lures iiiiiile up to eontiiin from 4 to It! )st rent of methyl 
,ileoliol giiie n'siilts agns'ing with the tlieon'tieal ijiiaiilities within 
i <1 lit js'r is'iit, 

\\ \ I! Wilks’ has also piililislied the rosnlts of an inx'i'stiga- 
tioii upon Thor|s' and llnlnies's melliiHl, and ileserilira a niixiilied 
priK'isliiie wliieli rMliiies the eonei'lion for oxidised ethyl aleoliol 
III t) (104 grain of nirlsin dioxide insti'ad of tliv tl til gram inilieateil 
in the original priKx'sH Iw'ss siilphiinr arid is nani, and tlio 
teiii]S'ratiin! is kept low during the initial stagi'S 
A nolnlion of Hi) grams of jxitaaaium ilirbnimate in ISO e r, of 
water is lint run into the distilling flank, wbieh is wi'll ixxiled with 
a freezing mixture When the mnlenta ate Ihortxighly eotd (a 
largo proiKirtion of the diehniinale crystalliaes out), ,10 r r, of the 
anitably diluted sample are addeil, and iiiiidly, in small quantitiea 
at a time, a mixture of 20 c c, of sulphuric aeid and 20 r,c. of water 

S ly cooled in a mixture of ice and salt The flaak, eonnectal 
bsorption apparatus, ia allowed to stand overnif^it, and 
ited to buliiig and the experiment concluded aa in the 
ptocesa ItmkT these iiuiditiom the subtractive I'orrec- 
-001 gram of CO, for each gram of ethyl alcohol present, 

tin No. 1,1S14, WgIIcoim Tropical Research Lslioratonea, tlieiniciil 
Pub. bp the Sudan GovenunniL. 
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Riche and Bardy's naethod—Oop of the nMmt and 
iiioat tnutworthy (inm-wcs for the detn'tion of methyl nieohol in 
the (iFesenee of ethvi nieohol isi that deaerilKil by Kiehe anil lianly * 
ft in liiuieil iijion the ronvenion of tho two aleoholn tint into the 
eorreH|ion<lmK iiHliilcH ami then into the alkyl anilineH, by the 
oxiilntion of whieh a violet ilyeHtiiff la prudureil from the (limethyl- 
niiiline, but not from the* ethyl eoinpoiinil Ah f;i\en hy M Uinia 
Cnlvet,* the iimeewi in an foIloWH:— 

(1) Conversion Into tho iodides.- Vlaer III re. of the nlroliul to 
he teatnl in a Itat-lHittonieil llaHk of !HI re ea|Hieity eontainin); 
III KrniiiH of iiNluie, ailil 2 |;rama of nal iihoaphonia, allneh Ihe 
tlaak lo a eiHiilenHer, and aarni Kenlly In diatil the ioiliilen, Keia'ixe 
Ihe hitler in a rimei eontainin); 211 e e of water. 

(2) Combining the iodides with aniline.-I’our the iiKlulea ami 
the ualer into a i<e|inratiiig funnel, and draw oft the iodiih-s into a 
Haik ainiilar to that iiaed in (I); add III );raina of pun- aiiihne, 
and hi-at under a ndliix eniulen'ier. 

(.1) Conversion of Ihe hydriodides of the ethyl* and methyl- 
anilines into the free bases. - When the alHire-inentioneil reai’lion 
ia eoniplete. di'nuilve the reanltin); erystallnie ninas in alioiit .111 i' e 
of hot water, and deeoin|HMe Ihe hydriialulea with an exeeae of 
Hodiniii liydnixiile aohition (l> - I XI) The free Iuim'm wparate 
as an oily layer nhieh ia allowed to eolleet in Ihe nis'k of Ihe llask 

(A) Oxidation of the methyl- and ethyl-anilines. - Take I e e of 
the lilawatisi liases and mix it iiitiniately with ill irrains of o.xi(lisiii)! 
IHinder (sini|uiHtst of. - Sand, IIHI )nwnis, e(i|i|H’r nitralii 3 );mnis, 
and wxtiniii ehloride, 3 i;niins idaee the mixture loosely in a test- 
tula', and heat itdiirin); six hours in a water-liath kept at a teinjK'ra- 
I lire of INIThen fill the tube n ilh nieohol, |XHir the whole eontents 
into a niekel or ixireelain liaain of alxiut a litre rnimeily, add 
31111 e e of water, laiil to exix'l the atrohni and to pn-eipitate resinonn 
matters fornnal diirin); the oxidation, filter, and make up the xoinnie 
of the fill rale to alNI e e with water. 

(.'i) Dyeing. —Measure out 2ll e e of thin filtrate into 3.111 e e of 
water, isintained in a lairiH'lain liaain of ,KNI c.e ra|xieity and heated 
on a watpr-lMth, and plaee in it a square of eaalimere of 1 dem. 
aide Heat till the dye ia miniiletely extracted from the hath, 
atirring the fahrie from timo to time with a glaaa rtal Compare 
the enlonr thus obtained with that given by a control e.x|ierimrnt 
on ethyl alcohol eontaining a known quantity of methyl aleohol. 

The pnieeaa has the advantage of yielding dyed material which 
can be preaerveil and jinalueed aa evidence of the preai'nee of im thyl 
• CoiHpl nml, 1876, St, 11)78. • “ Alcoob," p. 108. 
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alo^itl. In the furm juit himever it i» ^ntc<l ((*iiUrt. 

inc. fit) not to Ih* <‘A|Nihlt‘ of (l«>tiM'iiiiK inetli.tl sileohol lll1le^•4 the 
latter is jiresiMit to the extitit of 1{ to i |mt (ssit of the iiiixtun* of 
ftlniliolM M(»ns»v<T, it m ooiiieahiit kii)rth\ 

Miieh smalliT |ito)iortiotis i‘mi 1 n‘ ilotisiisl l»\ the follomn^' 
iniMlilusitum of the nietliiNl usist iii the ttovernmeni l4ihoi(it<ir>. 
f/jnilon 11ie jirotvsH w iilso much HhortisusI 
* Ten <><■ of the Ale(»hol. of HtmiKth not lens than Mo |H>r is'nt. 
an' plneed iii a lloKk of ulmut Vi o e. eajMieity. eonlninintt 1(t p'aiiis 
of p<f«4lensl hxliiie I .* (imnia of nsl |ihiM<plioniM an* then nddtsl, 
ami the tiask I'onneetod at oiiis* uith a reflux eondetiser llie 
n*a(tii)n uinimeneiH alinoxt iiniiiediiit<'l\ When it Iiiih eeuNs), 
and nflcr n'Verhiiifr the HUideiKwr, tlie niivtiin* is slouly distilled, 
and (i.'i ee of the iiiiKnl UKiiVh's I'olh'eteil uiidet untiT in a very 
Hiii.ill se|iamlinK fuiimd iimiked to shou thiH \«t]iiiiie (ttri ee) 
A t'lihhs cfindeiiser nlauit ti inehes loii|! is isiiivenieiit for the 
di''tiltatioii With sinali protinrlioiiH of mi'lliiil idinhol siieh ah 
the methiHl is <«|M'eudl\ deMxi'fl for iMeetiii^f, most of the Mielh>l 
•iiMiide \>dl Im' jin’s!lit m this (to ee iiaetion 

The iiiivsl lodidi's thus ohl.timsl Are then run into n Hinall vide- 
lU’ikisl lUskfoOee (njiaeily) i imtainiiijf <i o e e of nrenth distilled 
aniline Till' ll.isk Is looH>l\ loikisl. and nlhmed to stand for 
Ihiilx minutes or so on a Mind hath at n tein|M‘nitim' of alHnit (Ml 

'the (txsiallme inaMH of atkxJaniiine lixiliioflidi's thus ohtnmed 
IH disMilxid 111 ‘Ml to o(l ee of uarni ujiti i. and deeaiitisl iroiii anx 
small •'iohule of unehaiij!ed aniline into a M'jKirator «if iilioiit KHl to 
l.Kli e ea|taeity Tuor< of siMliiini lixdnixide solution (I) 1.1) 

an* non addtsi, and 2(t ee of |N‘tit>htim MhiT After sintkinii the 
mixture and alloaitij; it to M'purate, tin' hm«r laxer is run ofl and 
diHeanhsl, and the ethereal solution aaslusl twne uith n little 
water It is then {Kum'd into a aidems’kisl flask (KMi <.e) (stn* 
taming 5 gmniH of oxulisiiig iiuxtun’ (samI, 1(N) gntma, lOjijier 
niHttte, 3 gntma, MKliiini ehloride, 2 giaiiis) The jietrohnini ether 
la evAjioralrsl nil, and the flank heated in a steam oxen at a|>])mxi 
.mately IfMI forlJhoiitH 

The dye thuM lormed Ih extraeU'd hy difieRlion xxitli flfJ e.( of 
boiling aJeobol for (wo tir three* minntea under a rcdliix (sjiidenHr 
When cold, 5 e c. of the ah'oholie exiraet are filtered off ami madi 
up to lUO e e. with water 

Of thH dilutetl <lyi* 5 e e. are added to 44)0 i v. of hot water, am 
a piece of clean Berlin wool, J8 ioehea long, ia itnmerMd In tin 
aolutkm. The latter ia then kejit at aboot (M)' for txiioity minute, 
ot ao, with occaaional atining, in ordtT to Ox the d>e on the wool 

0 
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After riming the vonl in water and allowing it to dry, it may bo 
coiled into a lint rod and attached to gummed paper for rampanson 
of itH (b'pth of violet colour with that given by control rxperinient!i, 
oarrit'd out in the eame way with pure ethyl alcohol fnd known 
mixtiircB of the two almhoU. 

Ah iittle oh O'l [ler cent, of methyl alcohol in mixture with ethyl 
alcohol can bo thus detected. With much larger proportions, 
the whole of the dyestuff will not be extracted by the wool, in 
which case a smaller quantity than 5 c e. of the diluted dye—say 
1 or 2 e c.--should be taken to make the dye-bath. 

With a little practice the method can be made approximately 
quantitative for Hmall pcoportions of methyl alcohol. It is a useful 
conlirroatory process in apecially-imixntant cnBi-s. 

Conversion intotrimetliylBulphineiodide— When 
we have ohtained a mixture of ethyl iodide and methyl iodide from 
the alcohols by treatment with phosphorus and iodine, the quantity 
of methyl iodide can be estimated by a method described by 
G. Keif ■ This depends upon the fact that methyl iodide icacts 
in the cold with methyl sulphide to form trimcthylsulphinc iodide, 
whilst ethyl iodide docs not form a similar compound The 
trimcthylsulphinc iodide Ix-liaves as a salt of hydriodic acid, and 
may be estimated volnmetrically by titration with standard silver 
nitrate solution. 


Formic ncid mothod.*— -This process is based upon the 
oxidation of the methyl alcohol to formic acid by means of 
hydrogen iieroxidc, and the r.stinmtion of the formic acid by the 
mercurous chloride reaction. 


The sample is cooled to B°, made alkaline with sodium hydroxide 
solution, and treated with successive [lortioiu of 3 to 5 c c of a 
1 per cent solution of hydrogen peroxide This reagent is added 
first at intervals of thirty minutes, and afterwards at intervals of 
forty-five to sixty minutes, until no more gas is evolved The 
oxidised liquid is then allowed to stand for eight hours. 

At the end of this i>eriod the excess of hydrogen peroxide is 
destroyed by means of sodium thiosulphate, the solution being 
then acidified and cUstUled with steam. The distillate is collected 
in a receiver containing a sqppension of calcium carbonate in boiling 
water. About 700 c.c. of the distillate having been obtained, it is 
filtered hot, the filtrate evaporated to dryness, and the residue of 
calcium formate, etc., heated for an hour at 126° to 130°. It is 


I Aiint. Kait. (ItBVnd., 1916, filt 60-66 ; in ZaUck. atigav. CAjin., 1911, 
tt. K«f. 83. 

> R.',Belinuodel, PUm. XtUr.-k., 1913,66,709-716; AiufyH, 1913,38.608. , 
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then cliawihed in ItiU cv. of «»t«c, ami Uiu aulutioii eatiaetixl 
t«ice nith 26 or of etlior. The RquemiH lajer m niitril nilh 
2 lirainK of orysUlliiied eodiuin nceUto, iilightl)' uoiciilled with 
hydroohloriu acid, and heated with 100 r.r. of a 5 ]xt cent Holiition 
of mrrrurir chloride for two hoiira in a iMiilinii wairr-batli. 11io 
lirroipitatc-d mrtrurouii chloride it wotlinl by decantation with 
hot water, filtered on a Gooch ciucible, wasbwl afpiiii with hot 
water and then with alcohol and with ether, and dricil to conxiant 
weight. 

Koch grant of Hg,CI, thua obtained 00876 gram of H tXHlH 

-.0<M7N|tramflfGll,011 

Permanganate method.- For the ilctcrmination of Hinnll 

(|uantiticri of methyl and ethyl alcohola in aiiuf-mia wilntion, 
>1 llet|a'r' projKtara a iiietlnai baaed u|aiii two otidationa of the 
liquid with iKrinanganate One oxidation la carriixl nut with 
arid iirrinanganatc, the other witii an alkaline Koiuthni of tliia 
reagent 

iSoliitiona required — 

(1) ,lrii{ Xj2 KMnO| 10 grama of KMpGt | 40 grama of 
rrti-tallixeil iihoaphone acid in 1 litre of wafer. 

(2) . Albibnr K.Mn()|; 16 grama KHnUj I- 40 grama Nallll |irr 
litre 

Thesi- two whitiona are atandardiaed againat A’/2-oxalie arid. 

Ilie liquid to be rxamiiinl niiiat not contain other aubalaiu'ea 
which reduce permanganate Previoua to the eatimution it mnat 
lie ililutial nr concentrated until it containa from 0‘l to 0 26 jiot 
cent by wriglit of total alcohola 

A |irrliminnry experiment in made to di-termine the aleidiolio 
atnuigth of the liquid Twenty-firo rc. of the oiilutioii (2) are 
diluted with 61) rc of water,^hrateil on a ateani-bath, and the 
alcoholic liquid added in small quontitiea until the colour of the 
permanganate ia changed to green The mixture la llien heated 
for a period of twenty minutes, when 26 c.r. of A 72 -oxalic acid 
solution are added, and tho excess of oxalic odd titrated with Nji 
permongan^. Each c c. of A'/2-pcrmanganstc required ia equiva¬ 
lent to 0 0026 gram of alcohol. The aamplr ia tlien dilutnl or 
concentrated accordingly. 

For the alklllM oxMlUoii, 25 c.c, of the solutioa (2) are diluted, 
heated to 40°, and 10 cc. of the alcoholic liquid added. The 
mixture is at once heated on the water-bath, and kept at 94° for 
fifteen to twenty minutes. It ii then treated hot witii 25 c.a, of 
Af/2-oxalic acid, and titeated with the solution (1). The 
* ZaMb Voir. Onuma, INI, Mb S4I. 
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(juantity of (I) mliircd ahoiiltl luit br li'Hi than 7 c.o nor 
inuro than 12 u i' 

Kor tlic acM oxUatlon, 3 () e.i- of tho anlutiou (1) aro diluted uitli 
MuliT, from 10 to 20 r v. of the alcohulic liquid nddnl, and the 
iiiivtiire lieated under a ndliix rondcUHer to 04'’ for fuo hnuni 
TInrty e e of A ','2 oxalio neid M>lntinii ate then addl'd, and the 
exeeaa titrated iiilh Nji KM11O4 The volutne of ]a>rniant!aiinte 
niliieial Hlioiibl lie from 8 to 14 e e , and 01 e c is deilueted fioin 
Ihe quantity used U]i. 

The eiileiilation is made as foltons . 

Is'l II |;■nnls of total aleoliols in IIKI e e of tile li([iiid , 

.r „ MeOil in )(XI iirains of total aleoliols, 

1/ .. e e of the liquid , 

: won . 

II, e e ot Ihe aleoholie li(|nid, and e, e e of (he 
A'/ 2 -KMii(>,, iisisl 111 the iittahiir ovidatioii. 
ii, and I'j - the eoireH|ioiidiiii; volumes used in the iiriil 
oxidation, 


/II li 

KHI 


/'yiiiiN/ifi 20 ei' of Siimple iei|Uirid 0 ee ol |S'rniiiii- 
/'aiiiile III the pieliiinnari test 

!l X O'lHCS X - 0 075 ((rain ol total aleoliols per 

KKI ee. iipproxininleh 0(>78 jier eeiit li\ ueialit Then' 
foix' IINI ee of the sample uen' distilled to 75 ee in older to 
liriiii! the sln'ii)!lh Mitliin the rispnred liiiiits 
In (he oxidation 

(l| 20 ee of the distillate = 7’liee alkaline K.Miill^ , 

(2) 40 . - 8-!l - 01 SSee aeid K.MiiO,. 

,, 0'2««7 X 7 0 

Hi'Iks' II— -n O'lOU; 


20 

50 X 8'M 
01014 X40 


-87 .-s 21-47 : 


® ~ O '1014 .s 4(') 


and : = 0 1014 — 


0-1014 X 21-47 
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.MuIli|iKiti}r MiUu's of v. shhJ ; It\ fo rortnH for 

tht* |m‘liiniimr\ umu'iili.ih n. mi* )m\o total itlmliolh, 007ti0, 
iiirtli\l alf'oh I OOlli'i, diiil uVnlifil <ltiri!l7 mr.iiii ]H*r ItNt i-.r 

of iW oni^iiial siin]>)<‘ 

Oihor prOC6SS0S. \ armus iillu'i iitotiiiHlh of ilotiTfiiip nnil 
rstiiimtini; nlroliol in niixtiiiv uith riliO nlioliol hmo )ni‘ 1 i 

prn|)osifl air mohth of dpiiliialion, and a lirirf 

trli'imrr to one or tMo Mill Millirr lien Tllli" W. (i Tojilis iltirs 
(hr alrofiol o\rr |K)ta'>’»ium (•iilioiutr and (lirn niraMin'h (hr >oliinir 
of indronrii r\ol\ri| (loiii a p\rii <|n.iii(it\ h\ IriMtiiirid Midi a 
lia&'mriil III mrt.illii hinIiiimi ^ 'I1ir piihrmr of iiirdi>] idMiliol 
nilIIasi'^ the (jiiaiitil\ of Inilioorii ohtainalilr 

I' Wiillili drtuls and (Mimatrs lln* iiiitlivl aholiol in a inixtiiir 
of (hr (MO aholioN li\ iiiriiii> ot (hr IioiIimk |H>in(. ninoiiMl. and 
'mIIhiiiiIh alioii x.iliir of (hr niixiil MMil(]r^ olilaiiird fioiii (hr sninplr ^ 

III (III aholiol |toisoniin! <’,.•%("<> mIihIi ormnnl m lh‘r!iii during 
I'd I ihi‘ pio|Nii(ion of iiii(h\l aholiol in (hr hrxna^r takrii Maa 
diliiiiiini’d fioin (hr ir'^iilt- of riiinhii^tion iiiiiiKh's ' 

Aurnij (oiiliniiN tin pn>i'tu'r of foriniddrhvdr, irsiillhi); from 
(hr oMiI.i'ion of nirthi) alcohol Midi |n inmiipiimli, h\ cojimtIimk 
I t into hrxaiiKdnlrnrtttMiiiinr uith uinmoiita. ami idin(if>m}' 
nm ioMopii.ill\ (hr chaiarjcrislir crvdiili foriiiril hy (hi* Irlraminr 
Milh iiKiiUiK (htoridr or po(iiri*>in inrrriinr lodidr * 

It iiii^ lir iio(rd tliid acroidnm to VoiM'iirt*' iiiinillr tnnrh of 
(oiinahh h\dr didH (ililr lix (hr siilpliniic and and piotrin nairllon, 
air loiiiinl Mill'll rditl aholiol H oxnIhiI Iiv Mi/rtuhrm aetfi or 
.1/ roll, or h> rh*<(iol\MH, ih mcII aa h\ OAidiitioii Midi o//iiir. 
hx drop'll |M‘ioxidr, rtr 

A xliriiii' for dir rxuiiunatioii of lii|iiidh. aiiiinnl ortiiitiH. rtr, 
III foiX'n!>ir iasr<f mIioiv M<K>d spirit in Mih|Nttrd Iihh In'cii jdxrn 
li\ Oluait.* (I I** hasrd ii}M)n (hr uonnl nnaUtirnl jiKN'rdurr of 
•(r{Kiratint; baMN and adds h} iiiriiiis of (lii'ir non xolatilr maHm, 
io UH to ohiniii (hr iiriilial nh‘oliol>i. rtr . in (hr diatillntr. 

Tlir li(|Uid ia aridiKrd Midi plonphorir iithl, and tiir vohdilo 
nridn, ahohola. rtr, diitillrd olT, IraxinR amimfl, pyridiiica, and 
other liAM's in Uir n'lirliir 

Tin* diMtilhito in nrutralisrd ami apnii diMilltHi, (hr salts of thr 
arids n'lnainin^ behind, whilst nr'utral bcNlu'H. inrliidlnt; almhola, 
ar('t«mr, and aldeliyilm, iliotil over. 

' Aunr. J. rimm , HIM. 00. ArUl * Chrm Xfil, 1013, 00. 700. 

‘ Zrit^eh Stihr 1013,04, 7. * Aju/lh Xftt, 1013, 07, 100. 

* CotHpf rtitfl, 1010, 00 , IGO 

* AreA. Fnnnucoi. iifirrim., 1013,10^ 03; Vh^m. ZtiUr,, 1013, i, 1700. 
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Aldchyckw an' “fiaiil” by treatment with metaphenylene- 
(liamino hydrochlnrido (arc Chap XI, Girard and Cuniaaao'a metiiod 
for eatimation of hiKber alcohols). On again distilling, the methyl 
alcohol ia obtained in the dUtillate, together with any acetone 
preaent in the wood spirit, and the two can now be eatimated by 
any convenient protcaa. 

V. Methyl alcohol and formaldehyde.— When these 
two substances is'cnr together in uiueous solution they may be 
estimated by one or other of the following methods — 

(1) If only very small (toantities of the two are in question, the 
solution is mixed with ethyl alcohol in aneh proportion as to 
give Id {Sir cent of alcohol, aa described for Genighs'a method of 
estimating methyl aleohol (p Ifiq) 

(M) In one quantity of 6 ce. the formaldehyde ia determined 
by Roinrimetric cnni|)arison with a standard solution of formaldehyde, 
pisKSKiding just as described for methyl alcohol, but omitting the 
oxidation with permanganate, and using 3 c e. of water instead of 
the same volume of permanganate and oxalic acid 

(h) At the same time, the colour produced in matelied by eom- 
parison with a standard solution of metliyl alcohol, oxidised precisely 
as required in the estimation of this alcohol. 

(r) In another S o c. of the prepared sample the alcohol is oxidised 
and the resulting total colour with Sehilfa reagent estimated in 
terms of methyl alcohol, as described on p. IM. Ueductinff the 
result of (6) from that of (e) givra the proportion of methyl alcohol 

(2) . With larger pmiwrtiuns of fmmaldebydo the quantity of 
this ingredient may be determined by one of the well-loiown methods 
-fg., by oxidation with iodine in alkalmo solution, and deter- 
muiing the excess of iodine, after acidifying, .with sodium ttiio- 
aulphatc. The methyl aleohol is estimated by Denigis's or other 
convenient method after removing the formaldehyde by distilla¬ 
tion with potassium cyanide, twice repeated. 

(3) . When still larger proportions of formaldehyde are present, 
as in the commercial product “formalin,'* the process described 
by l/ockemaim and Croner> may be used. On addmg hydroxylamino 
hydrochloride to formaldehyde, bydrodiloric acid is liberated accor¬ 
ding to the equation 

CH,0 + NHi OH HCl = CH.NOH + H,0 + Ha 

The acid oan be titrated, uid the formaldehyde thus estimated 
Methyl orange U used as the indicator. 

Alternatively, by adding sodium sulphite to the formaldehyde 
> Zutaek. anal. Ckm., ins. 51,11. 



"it mransniv or umvL axb bthyl auxihom iiiii' 

aulutidii free alksh is ]iniilnml, and llic rsdiiialiuii may be made 
by titratini: thia 

(!H,0 i Na^O, I- H,() ('H,(()H).S()jNa i NaOH 

In this case msolic arid is used as the indiratnr 

The methyl alcohol is (IrtrrimnnI b\ naidisiiiK the mialure with 
alkaline permanjinnah' and calculating the alcnhol fnnn the quantity 
nf permanganate reduced, after deducting the quantity used iij) 
by the formaldehyde The 40 ]a>r emit .snlutinn (formalin) of 
furiiiahlehydr is dihitefi to 100 times its bulk uilh viitcr, and fi e e 
of this solution are mixed in a flask with 7.'! e c nf nafrr and ili r.r 
of A7-ia-rumnganate, roiitainiiig 1.1 S'J grams of KMnI), and 
40 grams of Natill |H-r litre After being hratnl on the shmm 
Imth for 20 minutes, the mixtiin- is tn'atisl with an excess nf 
A';2 oxiilie acid solution (31.71 grams of the crystallisi'd arid with 
7.7 e c of stning siilphune ai id, |a-r litri') Tlie exnsia of oxalic 
aeui is then deterinincil by titration with acid iH-rmanganate solution 
Ilf .V/2aitcriigfh, containing 40 grams of erystallisid phoaphorii! 
arid |s'r litn' l<!ach c e of the alkaline .A^Tf-iuTiiiaiigaiiate used 
up oxiilisi's 0iKK)7r> gram of foriiialdehide nr 000207 gram of 
methyl alcohol, and the qiiiiiility of formaldehyde haviiig licmi 
alivaily iletermiiiial the enin-s|nnidiiig amount of |a‘mianpnate 
ran Ik' ealeniatml and ilmliietcil, the reniaiiider bmng then ealcn- 
liitisl to methyl alenhiil 

Determination of methyl aleohol In the Uooil and In the 
hody-tlsiUes. -Areonling to Nieloux.' small quantities nf methyl 
aleohol 111 bliHxl may he estimated by adding to the blood 
SIX or seven times its volume of a saturatisl solutiim of 
picric arid, and dislilluig the mixluri' If a fraetiouating 
ap(>anitiis of suilalih* ty)M' is eiiiiiluyml, all the methyl ideohol is 
obtained in the first portion of the diatillatc measuring one-Ofth 
of the original voluinc. In this lUstillate, the methyl alcohol is 
determined by oxidatirm with pntaasiiiin dirbroinate, ns desnibmi 
later on for ethyl idcohol (p. i'M). With urine nr any other 
liquid of the organiam except blood, it snIGces to use on equal 
volume of the picric add solution. 

When dealing with body-tissues, a quantity of 10 to 20 grams 
ia taken, placed in about 40 c.e. of the picric arid solution, and cut 
into small piooea under the liqnid. The mixture ia then distilled 
and the dMilUto oxidised as above tleacribed. 

lathyl alcohol In the oir.— Methyl alcohol vapour in ut it 
eorimated by Nicioux by passing the ait through a seriee of six or 

> Cosift. rrwf. Hot. 0M, lOUk Tt, <0, 
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wvi'ii vvn«h-lio(tli'H I'lintiutiin)! vntir ut the iinliiiiirv ti.'iii|i<TiituR' 
Till* iiilulioii tliiiH ohtHiiR'fl IH ilistilliil nnil oxuliwtl with dirbniiniito 
ill till' '.iiiiu' Wiiy ii>i iK'forr 

III iiiilrr t(i (lilTi'mitiiitr lii'tniK-n inclliyl iilriiliol anil iilhcr 
HiilMtniin's oMilisnIili- liy (Inlininuiti*, thi‘ ratio of tho I’nrlKiii 
■lioxiili- iirniliiml to llif uxy)!rn iiard iiji in the miction in dctcr- 
iiiiiiixl Tlic voliiiiic of ilichroinati: mlurcd |;ivi"i the i|iiiiiitit> of 
ox,\|'cn III i|ucstioii In H siiiiplc ciilciiliilion. To obtain the amount 
of ciirlion (lioMilc. .1 spci'iall)-dcnKncd M>alc<l tula' ia employed in 
ubicli the distillate is oxidisi-d, the reHiiltinf! eiirlHin dioxide ia 
then iiithdi.inii by a iiiereiiry pump and its xoiiime aseertamisl 
In alisorplion in potassium hydroxide Miliitioii, ns in ordinary ttaa 
nnaly sis 

(N'oi'K It uoiild Ik' him|iler to estiinnie the iiietliil iileoliol in 
any of llie foreipnni’ distillatex In tile author k niiHlilieation of 
ItenipiM's proei'sH already diwiilKsi. or. for the air, hy Klxoxe'a 
,idn|itiilion of the a,inie melliod) 

VI. Identification of ethyl edcohol. As a nii<- the 

lit oth>i alisihoi pri'sciilN no dillicultx, llioii^li ikimsiom* 
ally, ahere mmiile i|unnlilieH an' lieint; dealt uitli, or inteifenni; 
siihslaiiees ,in> pnwnt. a deliiiite piiaif m.iy demand laith skill and 
can' The lii'sl I ho tests descrilasl lielon uill often siilliie, hut 
should Ih' siippleiiiented In one or moie of the others if the 
riri'iiinstanees reipiiie it 

Ethyl acetate reaction, Mi.x a little soiliiiin arelaie or 
2 or II drops of aeelie neid. nith 2 or 3 ee of the lii(uld to lie 
tested, then add aluuil an eipiiil xoinnie of loiKs'iitiatisI siilpliiirie 
,ieid. iiiiil Ileal the niixlim' Thi‘ ehnrni'leiistie liiiily odour of 
ethyl acetate is develojasl if ethyl alcohol is pn'si'nt 

lodolorin reaction. fexv di 0 |is of solution of naline nn> 
addisl to about 2 ee of the ahsiholie Ihpiid, uliirli is then 
hniled to about I'HI', and solution of sialiiini hydroxide or enr- 
boiinte addisl dmp by dnip until the isiloiir of the iialinr is dis- 
eharipsl The eliiirnelenstie ixloiir of iodoform is pmdiussl ex'rn 
uith x'ery dilute solutions of alisdiol, nith stronger solutions a 
turbidity, or a deliiiite yrlloHish, erystalhnr piecipitate of iodo¬ 
form, apiHSirs uheu the liquid eixils. 

The iialoforin is produenl in aeeonlunei* ivith the eipialion 

CjUjOH I ,-iI, ! TNaOIl = CHIj t- CO, |-7NaI p flH,0 

A Hiniilar mietion is given hy iieetonr, henee the result should 
la' eonlirin'sl by one or more of the other testa deaenbeil 

Iodoform is also prixliicod from acetone in the cold, but not 
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(•th\l nlwhiil, t(i n hIiuIiI rxlciil uiiil on iuiiiii- 

time 

Ethyl benioale reMtloo. -Nlmki- a fen- re i>f Ihc liqiiiil uilli a 
little lii‘nzoyl rhlnriilo, olloa to ai'ltlo, ))i{a‘tto oil the limer layer, 
ami aarin it viitli miIuIioii of )a)lasMiim hydroxide If etiixl 
aleoliol ia |in-aent, the odour of etliyl benaoate iiill he deln’ti'd 
(Jh'rthelol). 

CualUlim reaeOon. - I’laee a fraumeiit or tuii of giiaiaeiiin leMii, 
newly hnikeii from a lump, in a lehl-liilie. add the Iiijiiid In he 
tented, ahake well, anil tiller into a Xesnler plaxa IKi a Miiidar 
ex|X‘ninent with dixtillinl water, and llii'ii add to eneli rIiiw, a little 
dilute aolulion of h,Mlnxyanie arid and one oi two dnipa of a diliili' 
Miliition of rop|ier sulphate If the sample (oiilauis aleoliol a liliie 
(aiUair will lu' pnidiiiaal, imiili ilia-gaT Ilian lhal iiiveii hy the 
dislilled water 

Aldehyde reaction,- Mix a M) e e of the aleoholie liigiiid with an 
eipial volume of .'id ga-r eeiit sulgiliiirii' aeid. and intnaliiri' it into 
a amiill tiaak I'ontaniiii); .'I or 4 praiiia of gaiwdenal gailasHiiiin 
diiliromate and iilHiiit ,1 e e of water Allow the iiiixtim' to aland 
a few miimtea, and then dialil oil the aldeliMle formed,'eolleeting 
It 111 a little water The aeetaldehjde iiiay he maigniseil.— 

(1) Jly its odour 

(2) lly the gniHliidion of reddish \iolel lailoiir. eillier iiiiiiiedi- 
ately or after a few niiniitea, when Ireatial with SehilT'a 
nsigeiit 

(3) Hj the formation of nldehjde-rrain, allowing ii yellow 
eoloiir, on living allowial to atand some timi* in eonlael 
with a giiiae of eaiislie potash 

It) H\ the ginaliiition of a aiher iiiliror when heatial with 
an ammoniaeal aoliition of silver nilnite. 

Conversion Into etbyl-m-dlnllrobensoale.- In agavial eases the 
following teat deserilied hy Miilliken' haa hei'n found iwful hy the 
writer It ia npgilieable luily to a nearly pure olenhol containing 
not more than about HI gier rent, of water 

Heat together gently in a 3-nieh tcet-tiilie held over a aniall 
flame 013 gram of 3-Ji dinitrolienzoic arid and 0 2fl gram of 
phoaphorua pmtachloridr When aigna of ehemH-al art ion are 
seen, remox-c the heat for a few srmnda Tlirn heat again, lioiling 
the liqurlird mixture very yerUly fur one minute Pour out on a 
very amall wateh glass and allow to solidify As soon on solidilieB- 
tion oecura remove the liquid phoaphoras oiyehloride with whieli 
the cryetalline mass ia impregnated hy rubbing the latter between 
I " Idofllificatioa of Purs Oigaaa- Cumgioiiqila,” t, 101, 
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I«i) fiinall iiirrrH of imroiw tilo. Place the |Nt«riiT in a dr>’ 5- or 
fl inch test-lube Allow 4 dni|)H of the alcohol to fall u)iou it, and 
then stopper the tuU- tightly without delay. Immerse the lower 
fiart of the. test-tiilio in water having a temperature of 79-85° 
iShalce geiitl}', and eontinue the heating fur ten minutes. 

To purify the ester {iroduecd in tlie reaction cnisli any hard 
lunii« that may form when the mixture roots with a stirring-rod, 
and boil gently with 15 r.c. of methyl atrohui (2:1) until all is 
dissolviHl, or for a ininnte or two. 'Kilter builmg hot if the solution 
is not eh'ar (Wil 8hakc and SltiT Wash with .‘I e r. of rold 
methyl alcohol (2 I). Reurystalliso from 0 r.e. of boiling methyl 
alcohol (2 1). Wash with 2 cc of the Mimr sohimt Spread 
out the product on a piece of tile Allow to beromc uir-dry, and 
determine the melting point. 

Klhvl 8.5-dinitrubenr,natr, tlie pnaturt in this hwt, er\stallis<-s 
in white needles melting at 112 -93° (uncorr). 

This method is given by Winter lllytli' for the definite priaif of 
the presenee of ethyl alcohol in toxicolugiral eases 

Conversion Into dlnitrophenetolo.- A homewhal sinnhir mieiiou 
to the foregoing has been nsnl by Klaiiksiiia ’ By the action of 
sodium ethylate on I-i'lih)ro-2.4-diiiilrobenzene the lonipound 
3:4-dinUro)>hrnetoIr is obtained — 


(-f',U,ONa^.(Vf,(N(»,),l»(',Hj I NnCl 
'nie iilmhol is eimeentraled to a strength of !)t) 95 per cent, 
and 0,'i gram taken. In this is dissolved 1)912 gram of wkIiuiii, 
and ll'l gram of tlie powdered ehlonxlinitmbenzene added On 
wariiiiiig the mixture, nenlles of the dinitrophenetole arc obtained, 
which may lie reerystallised from dilute alcohol or benzene, and 
the identity of the eumi»und established by its melting point 
(85 2°). Methyl alcohol similarly treated yields 2:4-dinitroani8olr, 
inelliiig at H6'9° As the differenoo between these melting-points 
is small, the process must evidently bo used with circumspection. 
Mixtures of the two products, eontaining respectively 20 5, 46 2, 
and 80'6 )ior cent, of the phenetole, have the melting points 76°, 
53°, and 75°. 

Cottvanlon Into phthaUa astar.—A more generai application of 
the same principle has been described by E. E. Reid.' 

Alcohols when heated with phthalic anhydride yield phthalic 
estcre; and the sodium salts of these, heated with pars-nitrobenzyl 
bromide, give mixed phthalic esters which have definite mclUng 


■ '• IWn.,’' Ik 1«. • 0km. irntVaf., taU, U, 28. 

> J .Imr Oktia. Hoe.. 1!U7, It. 1249. 
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pnatH Thew rractioiui niay br uwhI for thr hlrntinrotiuii of innii,\ 
difforent atcohols. 

A iniHlmitc exifffi of the alcohol to lie trated ia hi'alnl for (hu< 
hour with 1 gram of phthalic anhyilrido For a primary alcohol, 
the temjirralurp eniployx'd ia 11111°, for a aernndary, 140° In Ihv 
(ooe Ilf the lower aleohoh, thr mixture ia oeiiled up in a lube and 
heated in a boiling water-bath, whilat with the lew volalile almliola 
the mixture may be heated in an o|K>n tulir. The iiroduct ia then 
mixed with 10 c r of water and Khuken with Iff r c, of ether uud 
S re of normal aodium hydroxide Milution, Uio W)ueoua la,>rr 
drawn nlT, and evaporated to ilrMirw. Tlir reaidue thua obtained 
ia heatial for one hour under a rellux eondeiiiaT with fi e e of water, 
10 e e of O-I per eimt oleohol, and 1 gram of ;i-iii(robeuzyl bnimiile, 
ond the pniduet ia reeryataliiard from 03 jx-r rent, alcohol, and ila 
melting jHiint determined. 

Kthyl-p-nitrolienzyl phlholale nielta at NO'' The eorreapondiiig 
methyl cominiuiul liaa the nieltmg point lOo 7', the pnipyl eompoumi 
53°, the iwipnipyl 74', the normal butyl 02''. and the nihl 01 5" 

The method ma) be uanl for the detirtion of ethyl alcohol in 
admixtuni with ethyl lirnzoate or menthol, and aloo of liorncnl in 
enniphor 

Another general reaction for thr lower alniholn of the ali|ihalie 
ta'rira has la'en deseninai by K de Ktneeklin' Iron tnnnate, 
pn laired by the interaotion of tannin and a ferrie wilt, acta na a 
peroxydun'; and in the pnan-nci: of liydnigeil |M'roxidr it aervea aa 
a rnnrenieiit ineoiia of oxidiaiiig thr lower alrahola The aldehyde 
proiliirrd ia then detected by thr violet colour given with roainiline 
bisulphite Milution ((iayon or Sehilf'a reagent) Glyrenil, if present, 
ia also oxidised, and yirlils a colour Some other iron eoinbinationa 
oA in a similar manner as oxygen eorriera. 

One c c or leas of the liquid to bo tested is mado faintly aeid 
with acetic arid; or, if already aeid, is mode almost neutral to 
phenolphthalrin. Two drops of an iron solution (mule by adding 
g ferric salt to a saturated solution of hydroquinonc and diluting 
,it to contain 1 mg. of iron per c.e.) are then added, foUowod 
’immediately by 4 drops of hydrogen perorido solution. After 
'^king for a few seconds, the liquid is treated with a littlo of the 
imamline bisulphite solution. If alctdiola were originally present, 
.a violet colour ia produced. The test is repeated witii an iron 
iiaonin solution containing 1 mg. of iron pec c.c., made fay adding 
r a ferric salt to a 3 per cent, aqueous solution of tannin. 

A positive result indicates the presence of methyl, ethyl, inopyl, 

• Vtmpt. nwi., IMS, 147, 14SD; ISIO, IM 43. 
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iir hiit >1 alcohols in the original lh|uul If the Litter liiih not lN*en 
f(iHtille«|. gKcefol inn^ uIho Im' a eaiiM* of the colour |u*<Kliie(Ml; 
ninl hence if the volatih‘ nh’ohoU an^ e\|N‘lhil hy boiling, and the 
Jl(|iiiil htill HhoaH the n^aitiun, the preM‘nce of glycerol is 
iridieiitHl 

Specific reBcUon for ethjrl alcohol. The piesence nf nVIelnde or 
acetone, mIiicIi iin* dilhciilt to n*tnove. interfi^ri'S uith xonie of the 
onliimiy Ii'hIh for cth\l alcohol A< cording to A Toiiinelli.* the 
folloMing iHNK'ttoii h not iilTet led l>\ tJie picseticc of (licse iiii]»nrilieN 
and when canied out an deartilH*!! is quite (haiiutcnstic ot eth^\t 
alcohol 

The inigisits icqiiinsl an* (I) I o gi.iiiM ol pine i ixMrilhsnl 
dimlrololiiene (nip 7(tr> ) dissfiKisI in 2tNt cc ol .1 nii\(iiie ol 

1 pait of caihon disulpliule .iiid 2 ikiiIh ot ether, (2) 12 ur.nii> of 
itKliiie dissolved in MNfcc otcOier, and (.‘1) ft) grams of pot.issiiiiii 
livdroxidc dissolved 111 MHI c c of uiiler 

111 a Id ec giiuliiiilisl slopjN'ieil IiiIn* aic pliiiisl 2 i c of the 
liquid to lie Icated, and 2 cc of the iikIiiic soliition Allii hluLing 
and cdlovving to stund for two minutes, 4 c c of the potash s(t]iitioti 
aic (iddisl, and the mixtiin* hlniken until it is deioloiisisl Finally, 

2 e e of the dinitiotoliicne nNigent aie added uilli vigoioii'* ^llaklng, 

after uliieli the giadiiated tiihe ia plausl upon a white siiiface and 
the up[N'r laver elosidv obscrvist If etlivl aholiol is pnsent 111 
qiiantitv Millieient to nsiet. an orange udlou eoloiir is dc\eIo|K‘d 
uhieh through xaiioiia shades, leiiiiinating in an mteiisv* 

garnet nsl With Ch little ua !i |N‘r eeiit of alcohol, tlii' volour is 
u light rose 

Xcither inclhvl alcohol nor pun* at clone gives tins n ai tion, and 
altleh,>tle diiiiiniahes the aeiisitivenesa of the test oiilv when jaesent 
111 largt' anioiint 

Some of the higher alcoliola. hovvi'vcr. gue similar results to those 
ohtiiiiKsI with eth)l alcohol ^^hell it w nrci'ssary to elniiinato 
them, 2 o to 11 NI c c of the aainple, actsading to its pn*sumisl content 
of elh>l alcohol, an* plnml in a ne^iarator, anti tn'utod with two 
\ tilumt*a tif a a |H*r cent aolutitin of alum in w ater. ahuking up aeveral 
times after athlitioii of a little benzene tir |K‘trt>l(‘nm ether. The 
atiiiisiuH layer, whieh eontaina lusirly all the ethvl nteolml pnsteni, 
la drawn oft and distillinb fraothina of 2 e e lK*mg fnlleetisl of the 
tlistillate imaaing over lictwoen Ud"* and > 1 ( 1 ' Tlic tost ia then 
uppIuHl to theae 

Pasteur's metbod for small quantities. -This la <if Mime historical 
inti'reat. na having Ixsai uaetl by Paatenr in ahowing, for example, 
1 JitM. (.’Aim. iiMof, tCU. 19, ICO; Phnrm J., 1014, 89. 47. 
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ilmt irrtain to/uht ])r(i(Ui(V no hIioIioI in tlio I'ourHo of llioir 
(lm‘loj>mont ^ 

Miniito (raivH of aliHiliol Mon* tlctirUMl li\ diMtiHin^ lj(|iiiil 
iiiuior oxiiiiuiiiktioii from n ]onj(-iii‘<'ki‘<) Mori ronniM'U'd uil)i » 
Tii(*Injs'H loiulouM'i “A rortiiin hiku rkf lh<* nn-somo of nlcohol 
id I’ontaimMl in tim lit!>l fim itio|)^ ilMilhsI, tlioM' ulua^s us'Himo 
thf form of little dio|ts or H(ri.e, or, better Mill. oil;k teai>*. mIk'U 
uleoliol in pristmt in the diMilKile." In tbU va\. taking KHI re 
of the lujiiid, till* iiresenet* of 0 ] |kt (Hml of Ah'ohol t‘an Ik* delei led, 
ttiid with rare and |)nie(iee even (Mi| ]K*r eimt. PiKtilliii}; one thud 
of the lii|uid, and redi<4lillinK. nuieh hinuller ]»io|M)i1ions can he 
delc'iieil 

KI(K‘Kei htiK iiXKlllied thi.s piiH'esM. mi that it ih |Kishihle to deti'it 
AS little a*> (MNi2 or tHKil |)er eeiit ot aleoliol in IhiuhIh atieh a^ 
\east \k.iter oi unit * h\e ee of the ii(|uid uie plated in u teM 
tiilN*, Is (Ml loii^ h;i 2 I (‘111 diapiK'ter. lilted ^uth a loik tliioiifzh 
uliuli |i.isM‘s a ^la^^ ti]he of l(*n^h Ktl dll and external diaiii<‘t(‘i 
!1 nim The hmei* end ut the tube extends ojilv to the liottoiii of 
the (oik The test tiihe is IivhI \i*itieall,\ over a jiieee of uin* 
ganxe. .ind is heated hv a Miiall llaiiie To proiiiote lejnilai 
ehiilhtion, a small sjaial of thin ((i|»|m*i niie inav he jtlaced iii the 
t(Mt tube hothin^' iiiav Im* nniiimised h\ adding .'I dio|M (*f stion^ 
nit lie aeid 

'l>H* piiseiKe of .il(‘ohol III tlie Inpiid ih shown h;^ tlie formation 
of dio|M luniii^r a (hara<‘teiistii oil;^ appt'UiaiKe ("tt'iirs'*) in llit* 
ioii^ tiilK* I'Ik* hif^lier (heM* drops np]M‘ar in the tube, tlu* hiiiuller 
ia the (piantitv of alcohol pn’iient 

ThiH leailion is not shown h,v aiiv siihstaiKC, exis'pl ahohol. 
Iik<*ly to hi* pii‘s(‘nt in f(*rinentiii^ Inpiidti 

VII. Examination ol commercial alcohol.-- 

M|ni iini'iiH ipI jilniii " spirit nrc finjuciilly n'tpiiii'd In In- li'stid 
KH ri'fiiirds lii'iii'ml purilt imd suilsliilily f«r iim- hi jiliiiniiiiiy. 
jM'rfuiiicry. or (itlicr nrls Dcfn'tn dui* to iiiipi'ifi'i I loi tdii'iiluiii 
are not iiflrn iiwt »itli in ordinary “ patciit-Htill ” spirit of (rissl 
quality; hut oven uith such apiril iiiipimtics may linrc been 
intnaluccd thiuuKh carelcM aturage or accidental admixture. 

The nature of the ;p‘iieral examination Mill nf eunnie deis'iid to 
some extent n|Hin the jmrtieular pur|i<>sc for whieh the H|iiril ia 
required rsimlly, hovcver, it will incluilr at least a determina¬ 
tion of the alcoholic atreuKth of the sam{dc, and (iroof of the alisenee 
ot solid matters, diswlved oily suiistaniTS, cxecHsive acidity, and 

' '* Slitiliit on PcniK'iilnliou " (h^ig. 18711), p. 7H. 

* (’pmjtl, rwtl. trar. ImK Cnrhiberg, 101 h 10, 00. 
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methyl alcohol. In the cun' of “abiiolute" alcolinl, it may bo 
ncccMWiry to [ircpvc uImo that rxccKt ot vatiT in not jircHcnt 
Thii " n-ctiliiKl Hiiirit ” of the I’harmacopiria Ih rcqiiiml to poM 
th« following tmtii; 

“KiHi'ilic gravity 0X337. Bntmi witli a blue Hinokrlcm flame. 
liCovca no rcaidue on evaporation (alwrnce of non-volatile matter). 
ItiMnaiiM clear «heii mixed with naUv (alaicnce of oily nr reiiinuDi 
MilwtanccK). A little cxpotiril pm clean white filter pajHT Icavea 
no iiiipleuHant amcll after the alcohol hoa ovaimnitcd (absence of 
fusel oil and allied iminmties)." 

“ One hundred c.c., with 3 c e. of Jf/IO solution of siher nitrate, 
ex|H)sivl for twenty-four hours to bright light and then decanted 
from the black powder which has formni, undergo no fiiilher eliaiigi' 
wlieii again exposnl to light with mon- X 10 Miliitioii of silver 
iiitrale (absence of more than traces of amyl nlrohol and of other 
otgaiiie ini]iiiritiea). When mixed with half its miIiiiiic of nn 
aquisMiH solution (1 in !i) of sodium hviinixide, the inixtiiie disw 
nut immediately darken in colour (aliseiice of more than triiies of 
aldehyde). No imiiiediate darkening in colour is einisisl by the 
addition of snlnlion of aiiunuiiia (alisencc of tiiiinin, excess of 
aldehyde, and other organic impurities).” 

The I'Vencii l*harmaro(Meia pnwrihes the foliowiiig tests for 
nlrohol: -It should lx.' colourless, and show no neid reaition when 
diluted with two volumes of water ft should leiix'e no residue on' 
evaporation. 

Ifeated on a water-bath in a poreelain capsule, no foreign oilour 
should bo ]K'rccptihlr cither during evaporation of the aleoliul or 
sulisci|ucntly. When diluted with two volumes of water, it sliould 
leinain clear, and the odour and flavour should be those of ethyl 
alcohol, without extraneous admixture. 

Distii KM) c.fl from a water-bath until fiU to TU e e. of dutillate 
arc cullix’teil With this distillate and with the residue curry out 
the two following scries of tests. 

(1). Distillate (for “ forvshot ” impurities). 

(a). Ten o,c, of the distillate in a test-tube are mixed with Sec. 
of aminoniacal solution of silver nitrate (10 ]wr rent, of AgNOj) 
and heated in the water-bath: the mixture should remain cleav 
and colourless. If the alcohol is impure {aUekyia), a brown 
eulour or a precipitate of met^lic silver Vrill be given, 

(i). In a stoppered flask of 100 c c, capacity place 60 c.c. of the 
distillate and 3 o.o. of solution of potassium permanganate (0 2 gram 
of KMnO^ per litre). Maintiun the temperature at 16° to 18°. - 
If the ateohol is pure, the rose-videt tint of the solution shauhtn! 
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’paniit during twenty niinutm, Mon* puwing to u Hilmon'pink 
diudn (Abfieni'o of an'tonr, uidrhydrti, coinnirn'ial inettiyl alcoJiol) 
(2). Resldna front dUUIIatliin (for “ tuilUnga" imiuiritiiw). 

(e). In ft fiftt-bottomcd flank laxiled in ft cold water bath, pour 
10 c e. of the residue, and odd, littio by little, nitli fthaking. 10 e.e. 
of pure sulphuric arid, in such manner an to pn'mit line of ti iiipem- 
ture. With pure alrohol, the mixture mnaina rolourleiiK; if 
impure, it anjuirea a colour varying from yellow or light nwe to 
granite red, violet, or even dark brown (Higher atniholii, etc ) 

(d) Introilurr into a teat-glBi-a 2 c.c. of an arid and eoloorleea 
solution of aniline aeetate, made by mixing equal volumeH of 
rediatilled aniline and glacial aertie arid. On the aurfaie of tliH 
pour earefully alunit It) re of the n'Hidnnl liquid from the dial illa¬ 
tion , till* mixtim* hIiouIiI lemniii rolnurli‘i<« If a briglil n'd eolour 
is prodiieiui at the surface of eimtaet, gradually {icnetrating into 
the liiilk, Jiirfuml ia pnwnt, 

A third Hcrics of teats, carried out on the alcohol itwif, has for 
its olijert the detection of nitrogen coniimunds. 

To iXI c c. of '.he aample add 1 or 2 droiia of ihliite aul|iliiiTic iii*id 
to give an acid reaction, and then 10 c.c. of distilled water. K\ apoiate 
the mixture on the water-bath down to a bulk of 10 or 12 e e, and 
apply the following tests :— 

(c) Make o re of the liquid, in a tcst-tulir, alkaline with a few 
<dro|i< of a 10 |ier is*nt solution of iHilaiaiuin liydroxide. and jkiiit 
in oiu' or two drops of Ncssler s reagi*nt (alkaline mhition of mercuric 
potamiuin iodide) If ammonia is present a yellow eolour, or a 
h'ddish-hronn precipitate, is pnslucisl 
(/). To 6 c c. of the same residue add S i .c of dilute Bii1)i)inrie 
acid, and pour the liquid little hy little, with shaking, into .t c c 
of solution of bismutli ]Kitassium iodide (10 grams of Kl dissolvisl 
in HO c c of w.ater, and this solution dividrd into two r<|ual (sirts 
In one ]uirt 12 grams of sublininl Biljj an* ilissolied, tlieii the 
remaining part of the KI solution added, and the mixture filtered 
Kept protected from the light). Ibiro alcohol remains dear; if 
pyrldlns bases are present an orange-red precipitate forms, which 
is crystalline if amyl alrohol is absent. 

The ordinary (9S per cent) alcdiol is usually transported in 
metaUdrurns or other vessels, and often contains sensible traces of 
the common metals. These are tested for as follows. 

To 100 c c. of the alcohol add 10 c.o. of dilute acetic acid and an 
equal volamo of water; and evaporate on the bath till reduced to 
|W C.C. The residue thus obtained should give no precipitate or 
(loloration with hydrogen sulphide or ammmiia. 
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An objpctionablo, pungmt odour nhich m sooirtimni present in 
Ii4)tli cnidr and relined alcnliol apiirar!i to be due to an aldehydic 
nonatituent, H'hieh, areonliiif; to R. Bailor,' in prubnidv acnilisn 
The preHenre of tliia lioily it, in fp'nrral, attributable to the de- 
(xini|iiHi(ion of the fernieiitatiun-f;l,verrul during distillation 1>aees 
of uiniiioiiia may also have a deleterious effect upon the qualit} of 
thu spirit. A leeh-lilir odour and Harour are traceable to suljihur 
n)iii|iounils, these may bo jiresent as free hydrogen sulphiile and 
as siil|iliiir in organic combination Aa the latter is eliu'fiy 
n-s|Mmsible for the objectionable (slour, it is usuall) sulKeient 
in analysing thu spirit to determine the total sulphur, which may 
Ih< dune in the followuig inniuier Not less than a litre of the 
alisiliol IS treatlsl with an excess of bromine-water, then diluted 
with IIIN) e.e. of water, the ali'oliul distillisl off, and the nMiliie 
isini'Oiitnited to a ronreniently small liulk sa_i alioiit .'lO e e 
The sulphiiiie lu id present is then pns'i]iitated witli liaiiiiin i hloiide 
solution III the usual manner, aiul the resulting hiirium siilphiite 
weighisl ,Sulphur to the extent of <IIHIi5 to UIXI7 giain per litre 
was found hy Hauer in crude molasses spirit 
Tho same author lecommends that, in deteiiiiiniiig tlie acidity 
of aleuliul, the s|iirit should lint he hisitisl to fill' to exjs'l euihnii 
dioxide Cix'hinral and hamiatux'iliii aie )ireferalile to plienol- 
phthuleiii as iiidieaturs; Congo nsi and nisiilic arid an- iisidess 
An oimlesis'iiee shown by a nrlitled spirit on dilution with water 
may he due to the presrnis' of raontehoiie or otlier siihstniiies 
extracted from rubber, if thi' alixiliol has Issm in contact with 
ruhlier tubing or washen 

Deteetlon of water in "absolute” aleohol. If the alcohol is 
shaken with anhydrous ropisT sulphate, the latter will lieeoine hlue 
if the Iitpiid contains water to the extent of alioiit tl H |X‘r cent 
This test is appliixl to the “ Aleailute Alrukol ” of the I’liiiriiia- 
eopieia ill tlie following form. “ Anhydrous copper sulphate 
shaken (x-easionally during two or tlinx‘ hours in a well-closed 
vessel with about fifty tunes its weight of alisolute alcohol does 
not assume a decidedly blue colour (absence of excess of water) " 
Tho limit of water allowixi in the B I* absolute alcohol is 1 jier cent, 
by weight. 

A still mote driieato test is to shake the alcohol with a crystal 
or two of potassium permanganate. This salt is insoinbic in 
absolute alcohol, but dbwolves suffieicnlly to give the liquid a pink, 
tinge if os little as O'll or 0 6 per rent, of water is present 
tVdeium carbide may also be used to detect the presence of water 
Proe. O'sHolX /si. Cofig. Apji. CAem., London, 1909. Use. Via, 77-91. 
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in alroliol. Aci'tylcnv Kna m libcreti'd hv tli(< «i'ti<iii of llio watrr. 
anil valciuin hydroxide formed, renileriin; the tiquiil tnrimi 
For im-thiHU of FHtiniatini; xmall i|iiiinlilii's of water in alcohol 
V jiimI (|i 31!)) 

Villa Determination of ethyl alcohol.' '11k* nnlinarv 
nv'th<Hh of (‘Mtiinntin^ tilcffliol Hlirn iniMcl \(ith wnlrr only 
an* tloalt with in Uii* on aVi<'olit»loin«‘fr\ In Uio f(»llo\nn^ 

vantuiM K{)i‘riiil prrxi'sM*^ aio ftiMii. iiifhulin); niotluMlH for 
tl*«* dvti'rniination of ftli)! aKoliol in niixluu* \n(h rlloT, fhloroftitni. 
ui'clono, utui otliiT aiilMunn^H 

Chemical methods for the estimation of ethyl alcohol. For tin* 
iNtini.ition of nninll <|uaiiti(it‘s of alnthol clioiiiioill^, oxiilalion 
Hilli iKitiHsiiiin (lifluoiiiato and Milplnini' uful tnay In* <‘iii)dou'(i 
Nieloux's method. \ Horirs of m\ mivtun'M of diliito alcohol im 
|H c|i.irct1, coiil.'iiiiin^! H‘h|H‘cti\cI;i (Ij. 0)5, 0 1. OlHiO, 005, aiitl 
)K‘i <ciit of .iholinl \n \ohimc (If each of tlicH* niixtim'H, 
.1 cc arc |tlai‘<M| in test (uIn'm 2 to l\ ct of istroOK hiilphorK acid 
adtlcd. iiiid llicii a solution of |)otas>«mm dalirtMiiatc (2 0 ^raiiia 
l»i*r loo c c ) M run m from a burette Into the stroii^iHl ahohohe 
solution (0 2 {KT cent.) 20 e e of the dielironiiite aiv run, into the 
next 1 5 e.e, into the thud Ml ei and w» tin The dieliiomiile 
IS mliuetl, and the eolotii of the aoliitioii in etuli tiihe, aftei inixiiift 
Its lonlents, Ifceoine^ ;lelto\ll^h-K^H‘ll 

*^i\ other lulus are pn^oared similaib, hut addill^ mm 0 I cc 
ill dichromal<‘ leas than Wfore in ciu'li < aw* i r, 10 c.e , 1 1 1 * c . 
0 0 i'i*, and HO on Hiesi* twelv*- tiihes mtvc as slanilanlN 
The dilute solution of aholiol to Ih* estiinatfd is mm tn'ated in 
till’ Httine %a\, iianiely, to o ee of tin* aleohol sulpliurie ai*id and 
diehnunate Mihitioii an* added If 2 (m of the liilt!‘r make the 
liquid \elhm, the diehroiiuite is iii e\n‘Ss, and a Kinallei quaiititx 
IH iiMsl m a re|>i*titioii until the vellouish ur'Cii Iml if* ohtnimd, 
aflei wiiieli the tula* ia eom|Hmsi uith the Htiimlanl iiiomI warl\ 
approaehiiiu it in depth of colour If the 2 c e of dieliroiiiate 
make the lupiid gn'en. the alcohol in in exiess, and must hi* diliitisl 
af'cordingly hefon* repeating the ox|)erinieiit 

Posizi-KHcot^ found with Nieloux’a midhiul that it uaH esHcntial 
to maintain absolutely identical conditions in the eomfinralive 
eviierimonta, and even then somewhat diHC-ordant reHults miglit be 
obtaiiuHl in duplicate experiments. It is obvious that no Huhstaiieea 
other than alcohol which would nnluce dichromate may be jin-sent. 

Bordas and RaakowsU ufaorti’nbil the foregfung pnas-ihire by 
omitting the Htandanls. They addl'd 25 cc of stiong sulphuiic 
> dnn. C’kim. AivU, IWi!, 7. 11. 
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acid to 5 C.C. of thr liquid to ho teittod, then 10 r.r. nf tho dichroniate 
uulutiun, and bnilrd the niixturr. Krum ubat prercdcH, 1 c r. of 
diehruinate indicates U'l per rent, of aleuhol when the tranaition- 
tint is obtained, and the experiment is repeated with more or with 
leiw of the dichrumatc, or with the samptc further diluted, until 
the pnipet colour in given. 

Blank and Flnkenbelner describe a modification of the dichrninato 
oxidation process, which they apply to the estimation of small 
quantities of methyl alrohol, but which can equally be used for 
determining ethyl alrohol.* A very dilute aqueous solution of 
the alcohol is prepared, and mixrd with an excess of drcinorinal 
dichromatc acidified uith sulphuric arid. After standing tor si me 
hours at the urrliiuiry temperature, ixitassium iiKlidr is added, 
and the mixture titrated bark with deciiiarnial tliionuljiliate solii- 
tinn, Kaeh r.r of dirhrumatc used up represents ()Q04 gram of 
methyl alrohol or 0 ifiMiTS gram of ethyl alcohol, as calculated from 
the equation - ■ 

t'H,f’H, ()fl -I 0, CHjOOOH i lf,() 
fur ethyl and the corresponding equation for methyl alrohol 
" Aeration” proosss.—Dox and lAnb* describe an " aeration '' 
method of expelling alcohol from fermentation mutures, absorbing 
it in sulphuiie arid, and determining its amount by u.\idntioii with 
dirhrnmate. The acetic acid |irodured is dislillrd oil and titrated 
The alcoholic liquid is saturated with neutral ammonium sul|ihatr 
(fiO grams in lUU c.r,), and is contained in a gas-wasbing bottle. 
This is rnnnectrd at one end with a guard-flask of oxidising solu¬ 
tion. and ot the other with two cylinders eontaiiiing concimtrated 
sulphuric and-the first aUiut IK c.c and the second K to If) rr 
Air is drawn throngli tho ap|iaratus at the rate of abend 25 lities 
[wr hour; this reinorra the alcohol from the solution, and the 
vapour of the alcohol is absorbed by the acid The aeration in 
generally mmplrte in right to ten hours, but slightly higher results 
are obtained by aeration at a slower rate for twenty-four hours. 

After the aeration is finished, the sulphuric acid is mixed with 
10 to lo grams of potassium diehromato in water in a distilling 
flask, and the rylindeis well rinsed with water (free from carbon 
dioxide). IDie mixture is allowed to stand for about fifteen minutes, 
and then distilled carefully over a free flame, using asbestos board 
with a small circular opening for the bottom of the flask. To 
prevent bumping and foaming, a glass bead and two small pirrea 

■ J. Sir. Ckm. /nd., 1906, M, wa 
* dmrr. Chrm. Sot, 1916, 3t, 3606. 
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of pinnicp stone are placed In tho liquid. The volnnw uf liquid 
in the flask ohnuld not bevomo an low as to allow milphuric acid to 
distil ^vrr. Hid distillatv U titratnl with diM-iiiormal alkali, and 
the distillation repeated with additions of water fmal from earlion 
. dioxide until the Rat titration shows less than 0 5 e e of deeinuruial 
alkali; this is (tenerally reached after four nr five distillations 
Koeh e e. of alkali = 0 004806 gram of alcohol 
Amounts of alcohol up to 2 grams can be determined aceurstel.v 
by this method, according to the nuthors' statements In the 
presenia* of 0 5 gram or more, the sulphurie acid and diehroinote 
aidiitinns must lie mixed carefully and ewiled The proiees has 
been used for the deteriuiimtinn uf aleohol in rariinis kinds of 
silugi-, with very satisfactory results The oxidising solution in 
the guard-flask is composed of dichroiiiatc. snljiliune acid, and 
water in the proportions of 1; 2 :7 by weight. 

EsUmaHon by conversion Into iodoform.—The following method 
is deserilied liy Villedicu and Hdls-rt' for the estimation of ethyl 
alnihol in dilute solutions containing 0 1 to I per cent, and is 
applieil to the estimation of alcohol in urine It depends uisin 
the fact that, at a definite dilution, the quantity of uleohol eon- 
veriisl into iixlolorm is constant. Tlie iodoform is transformed 
into gxitassium iodide and the amount uf this estimated volumetri- 
cai'v with silver nitrate 

iSoliilions an> prr)iared containing quantities of alcohol varying 
from (11 to 1 pi-r cent., and these solutions are treahsl as follows 
in order to obtain the value of tho silver nitrate solution in terms of 
the diifenmt quantities of alcidiol. 

One liundnsl cc of tho alcoholic solution are treated with 
10 e.c of 111 (H-r cent, sodium hydroxide solution, and alimil 3<l c e, 
of If) 0 per cent iodine solution are then added drop by drop. After 
three hours, a further small quantity of iodine solution is added, 
so that the mixture exhibits a yellow eoloration. At the end of 
twenty-four hours the precipitated iodoform is collected on a filter 
and washed with v-old water. With the smaller quantities of alcohol 
is necessary to “ seed “ the mixtuie with a trace of iodoform in 
order to promote preoipitatiun. 

' The filter and precipitate ore now transferred to a flask, and 
boi'rd for twenty minutes under a reflux apparatus with 30 c.c. 
of saturated akoholi ■ potassium hydroxide solution. The i ontent* 
of the flask ore then acidified with nitric acid, 20 c.r. of AI/IUO- 
silver nitrate solution ore aiUed, and the excess of silver nitrate 
' titrated with .V/lOO-thlisyanate solution. Tho number of e.c of 
• J. Pham. C'him., 1M7 (vfi), U, 41. 
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the HilriT nitnitc milation n-ijiiin'il tii pn'i ipitiitc the pfiliisniuin 
j)i:liilc fonni'd fniiii the icHloforin in thiu fihtuined fur the icHpertive 
itlrnhiilii' Hulutinns ami the numbrn r»rrea|Hinil with the (juaiititiee 
(if aleuhiil prrnent in the HuIutiiniH 
Any rliliiUi al'nholie Huliitinn of nnhnown atfeiiKth In treated 
siniilnily, and the nieohol eontent useertained from the tuluine of 
Hilver nitrate required t(i precipitate the renultiiig iodide 

To eHtiinate alrohiil in urine hy thin nietliinl, 2IK) e e of the 
nntuple, which niuht lie free from acetone anri alilclitdcs, arc 
distilled after the luhlitioii of 1 c c. of phoepliorir acid, and Kltl c c 
of dinldiate colleeted Thin in treated an alH>\e dexeiilied 
Oxidation with perfflanganale,'-\Vhen only a niuall (piunlity of 
a very dilute nolution of nlcnliol in nrailnlile, an nr< unite estiinn- 
tion inay In' made by meann of alkaline |nTllInll^nnnle In llie 
following procs'ss, deserilxsl by lliirendreeht,' the alcoliol is eoiii- 
plelely onidinisl to enrbon dioxide and water, and the i|Uanlily 
enlenlatisl fniiu the roliiiue of perinanfinnate lined up (tiber 
osidisab'i' (iiou-volntile) niibstanees mull an nilgai or extinitiie 
niattem may be prenenl; but if the )>ro|x>rtioii of tliene m coll- 
nideriilile in ndatioii to the alcohol-content, the lii|Uid iua,i be dis¬ 
tilled and the deleriiiiiiation ciinied out on the distillate 'I'eii c i' 
of a nolution eontaiiiiiig iiImiiiI 0 2 )K'r cent of iileohol will siillice 
for the exiaTinieiit 

III n hard glonn lliink of about 700 e c ca|ineit} an' plais-d 100 e e 
of iMilnssiuiu )nTiiiangaiiute nolution (II 7o grama per lilie) and 
40 re of amliuni hydroxido solulion (1.70 graiiin jK'r blir). and 
tbe inixtim> in bisiled to boiling five c e of the iileoliolir liquid, 
diliitisl if nmwsary to coniniii about 02 jier rent of aleohol, are 
then rapidly run in, and boiled for one minute The lliinie in then 
nmiovisl One luindml re of o-valir acid nolulion (20 grainn per 
litre) me now added, followed by 40 cc of nulphiirie acid (2 lols 
ot acid, np gr. I 84, mixed with .7 vols of water) mid the liquid 
nhnkeii, after which Ilia exissw of oxalic acid in foitlinilh titrated 
with (HTimingiinale nolution of ntrength !) 182 graiiin |ier litie 
Another 0 c e of the dilute alcohol nolution are rvn|Kirat(sl in a 
bnni glass dinli on Uie water-bath to expel the alcohol, and .7 e r. 
of n Hucrone nolution (1 gram in 2o0 r.o of water) are added to tho 
nsiidne Tbe foregoing operations are Uien repeated on lhi« 
mixture 

The suerono added (0 02 gram) eorresponda with 28 0.7 e e. of the 
KMnI), nolulion lined in the titration. If s4 and ft are the volumes 
in e e. of permanganate uned in the rmiioctivp titrations, the weight 
> Utilieh muU. rhm., 1913, 32, 3iM, 
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Ilf aUiihnl |tn'scnl in (iIi(,iiih'iI (in iii);) by iiiulti|ih iii|; the rA|>ifiihUin 
A {H- 28(15) liy tlu> factor 0 384 Alli'riintivi'ly, by usiii); 
till' fai'liir 0 483, tliu vuliinio of the alculiul in ftnen in o inin. 

Physical methods of estimating alcohol.- Ainri 

from tho luual nidhixl of l•HtiIllatinJI by nivaiiH of llip appcilic 
ttraiily ,ind npimipriiitr lablra, nliioli is ilralt vilh at Ii'n|;tli in 
tile rliaptiT on " Alcolioloiiii'lrv," thorp aip rarioiin otbiT plivHicai 
priHS'sxpa whrrrby the pro|Mirti<ni of alpohol in an iuiupoiih Milulion 
(an III' ili'iliiis'il Sonip of llip niorp intcn'atiii); of (Iipm- an* cipM'i ilipil 
Im'Ioii piisxiii); n'frn'iipp mil Milliis* for hpipral of tlipiii, aa tlipy 
harp no pr.iptipal appluatioii pxppjit |KiM<ibl\ in oipiisioiial ajippial 
Pill iiiii'.taiipi". 

Kii'a-.lpr a “ itaktometer ” oi chop nipaniiiPi la in Hip foiiii of n 
liiillipit pi|N'ttP mill a liiiply l.iiK-iiii)! ih'liipiy tulip KilhsI mth 
ii.ili'i, .Hill lliPii iilhimsl III Piiipty iIm-U. it ilopa mi in a ppiiain 
iiiiiiiIm'I III ilro|M, tthiih aip poiinlisl KilhsI mih alnihol, anil 
alliinpil III ili-i lmr).'p Miiiilaily, Hip iliiiiiLpr of iliopn la iiiupIi yppatiT, 
It laiip-i. Ill fail, ai'iiinlini; In tho alrpii);tli of Hip ahi'liol Tliua 
mill a iiartipiilar insliiiiiii'iil ihatillpil watpr )|avp 7!M ilnijia, anil 
iii|iipoiis ah'ohol Ilf apppifip I'laiily 11820 gii\p 2,117 ilnips K\ 
loiiiiiui liiiK a lablp of Hip iiiiiiila'r of ilnipa ipijuiivil foi ililTpiPiit 
pio|Hiilioii'. Ill .ihohol. Hip iiiatniiiiPiit mii Hipn'loip hp iim'iI (u 
ii' “il.iiii iiIpoIioIip hlnsiKlha 

( iK'.h'r'n vaporlmetcr is iIphi)( 1 ipiI to him Hip ixti piiIu)>p of alpohol 
III ,1 liipiiil III iiipasiiinii; tlip lapoiir |iiPM<nn' of Hip IiijiiiiI 'nio 
loui'i piiil of a lianiiiiPtpr IiiIm' ih IipiiI Imip at ri)'hl aii)'lra At 
Hip pxtipiiiiti, IItill'll noiv jhiIiiIs iipaunla, la fittisl a hluppiK'k, anil 
also a ih'larhiiblp bulb. In (Ilia bulb tlip hpirit ih plans] Tlip 
tula' Ih'Iiik phar|;pil with iiiptriiry, tlip bulk isintaining the alpiihul 
la IS' ultaphisl, thp atoix'wk ii[N'ni'iI, anil tlip alriiliol laporiM'il hy 
hratini! the bulb with hot water. A graiiiiatcil lualp on the tiihp 
ahuna the lipight to whii'h the uim'ury is furrril by prpaaun' of the 
alpohol s'apuiir. and the corcpaimnding alpoholic atrength la giieii 
by tablpa conatrurted for thp inatminent 

DUatomettn hare alao been deviat'd fur nieohiiring iienviitageb 
of aksiliol by means of Hie capanaion ahown when a drliiiito volume 
of the liquid ia raiaod from one fixed temperature to anothpr. 'Die 
aiiiiiunt of expansion varies with the proportion of alpohol in tlio 
liquid (Silbcrmann) 

Potasaittm carbonate, added in sufficient quantity to aqueous 
aulutiona of alcohol, absorbs the water and causes the alcohol to 
separate out. Tf the liquid ia contained in a long glaaa tube fitted 
with a graduated scale, the volume of the alcohol layer can be read 
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alT Thi' M-nIc ih nililinitiKl by Px|H‘riinciitii with alcohol aolutioni 
of Kiinwn atn'iigtli (Brandt!) For rough purpottca, an ordinary 
Htoppcrcd gluiw grnduatril cylinder can be uoed. 

HbuUloseope. -Obviouuly the foicgoing methoda will give reiiilti 
of onlv mi a|i|inixiinate cliaractcr. The following, however, 
ix It tnlerohly necurate (irocefiK for estimating aleohoi in such articles 
Its wine nr lieer, and is expeditious, esjiecialiy where a number of 
di'lerininations are requiretl It de|iends upon the prineiple tiiat 
the Ixiiling |Miint of an alcoholic liquid is lower than that of water 
in jiniportiim to the quantity of alcohol present Tlie speeial 
instrunienl ilevised for taking the Iwihng |inint is known os tho 
(•hullinvnitr It WOK originally used for the pur|Kise by the Abliii 
Broussard Viilul, of Toulon, and later was impmvetl by Malligand 
iind Mile K. Broussard-Vidal ‘ Field in 1847 patentetl an 
“ alcoholnieler ’’ luseil on the same prineiple, and Vre subsetiuenily 
iiiiide some iinpnireiiicnts in Field's apparatus. 

Kssentiiilly, Malligand's form of the ebnIUoH> 0 |K' eonsisls of a 
laiding vessel lilted with a oondeiiser and a special thermomcti r, 
anil heated by a spirit liiiiip The thermometer is graduated, not 
III leiiipcrnluro degrees, but in figures showing directly the (ler- 
eenlogt' of alcohol by volume A few yeam ago ,T 0 Cain tested 
Malligand’s rhuIlioaco|ie by the determiiuition of alcohol in beer, 
comparing the results with those obtained by llie distillation prtK'ess; 
he foiinil a satisfactory agreement' Ikiin's diacription is essentially 
ns follows •— 

III making an experiment, distilled water is fimt |ilaced in the 
lower part of the vessel (up to tho mark inside), tho lid screwed on, 
the thermometer inserted, the condenser tilled with cold water 
anil screwed in, and the water hoateil to boiling The spirit lamp 
should be protected from draughts. When tho wafer has boiled 
steadily fur a short time, the mercury thread of the thermometer 
remains at one point, and the scale of tho thermometer is then moved 
by means of the controlling screw until the zero point is coincident 
with the position of the end of tho mercury thread The water 
may be boiled until the steam begins to escape through the con¬ 
denser, by which time tho zero point will have bemi accurately 
ascertained, 

’Diis “ setting ” of the instrument renders unnecessary any other 
riirioctinn for barometric pressure. It is required on each day when 
the instrument is to be used. 

After the zero point has been fixed and the vessel emptied of the 
water, the beer (at any ordinary temperature) is filled up to the 
I Cimpl. nsd., 1874, 78, 1470. > COm. Sum, 1814, U8b 17. 
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mark and l)oiln) aa dcacrihcd in the caw of (hr watrc Readinna 
of tha mercury arr cnnvrniently taken at liftrrn wrunda intwala, 
br|;iniiing when thr regular boiling roininrnwH The Inir boiling 
paint ia not reached until the Iwvr baa lirrn b nling atradily for 
aiiinc time, when thr inercuiy remaina atationary for a |H-ri<Nl The 
atendy boiling ia raaily recogniard by placing thr rar near thr tup 
of the rondmarr, when a mntinuoua bubbling ia heard If tlir 
boiling ia continued, thr mercury advancra again after a lime, and 
vapour raro)x-a from thr top of thr rondiwr Thr following 
rrailinga, taken at tiftren arrnnda iiitervala, ahow the ruiirac of an 
expenmrnl 

s <15 
.'■■i 

5n.'> 

j||^' riii-aofnWohnl |KT 
^ \ 

!»7 

r»i( 

»tiri 

5 (1 Ah'dlinl «‘srnpiii|( 

The result was therefore !i S per rent of alcohol (by volume) 
Distillation gave the aanir result 
The solids present in lieera and wines raert no praetii'al iiilliienee 
on thr boding point, aa their molecular weights are so great AIM 
Vid.d had unginulLy found that there was no anisihle effect iirodueed 
on the teinjieratiire of ebullition by such ingreilirnts aa aiigar, if 
not present in greater amount than 15 |M<r rent 
An adaptation of the instrument for iiae in determining the 
** origmal gravity ** of beer has bten doarnbed by T 11 INipe * 
Another form of cbullioacopo for estimating alcohol in wines has 
been described by Pb Malvezin’, which claima to obviate certain 
sources of error, notably those arising from the presenee of a high 
proportion of extract He wine is eontainwl in a conical vesae! 
immersed in a ronieal water-bath, and there are two thermometers, 
jne giving the temperature of the wine and the other that of the 
water-bath The readings are refened to tables constructed from 
vctual determinations. A figure of the instrument, hut not the 
lables, is given in the J. Soe. Ckem. Ind. for 1915, p. 846. 

Using the following table, which ia duo to P. N. Evans,* it is 
possible to estimate approximately the percentage of alcohol in 
nixturos of alcohol and water by a simple determination of the 
xiiling point. The toUo was constructed from observations made 

' Briwtn' J . tail, n, 239. • Butt. AoK. CUm Suer., 1916, tl, 194. 

• J. Ns,. 0*00., 1916, t 2M-2M. 
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when i‘ r nf iilrnliiit wan distilled nt ft unifnnii nde t>f I drop 
|)Cr Hessind The (eiii|H-mture wan niitisl when 7 ■'> e e had dintilled 
ii\er, and the dinldlation continued until Ifl ee wnn eullectcd. 
The mean of the |K<reenla);eH of ahsihol in the liquid in tlie flank 
liefon- anil after distillation, as ascertained from the denaity, wnn 
taken to re|m'senl the coui|innitinn of thi' liquid, and the jiens-nlage 
Ilf ulcohiil III Ike distillate wnn taken to represimt the conqionition 
of the vapiiur at the tenqiemture olmerrcd when 7 lire of dintillate 
hud lieeii isilhs'ted The tein|H'ratnrca ffiren are isirrected for 
lianiinelrie piessurc and for th« expoaed mercury column of the 
therinoincter 
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Rapid estimation. - A rapid pnKsaa for determining the pro|ior- 
lioii of alciihol in a licpiid haa la-en deacrihed hy 1) Sidemky' It 
depmds upon the iniaribilitr of ether with strong ahaihol 
Twenty c e of the alcoliolir liquid under e.\nmination and 10 c c 
of other, ap gr t) 724, are alinken in a closed vessel On standing, 
the liquids separate into two layers flueeessive quantities of 
alcohol (08 per ei'nt) are now added from a special buiette, the 
nuxtnro bring shaken betwis-n each addition. The volume of tho 
ether aleoliol layer decreases as tho proportion of alcohol increases, 
until it finally disappears on addition (rf a further drop of alcohol. 

> Hull. Aiuc. Vkm. Sticr, IMS. i7. 562 
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The totnl aiiinunt u{ almliul which will cniine the Miliiliiui of the 
ether under thew conditiuiiH in deleriiiined once fur idl liy |ire- 
liiiiiniiry eYiH-riuicntn Ueduetinft the amount run in fniin the 
burette |;ire8 the quantity in the 20 re of liquid deiill mill. 

The biirettu uned ia no ((niduated na to uliuu the iwreenlaf'e of 
alcohol in the uani|)lo dim-tly The veam-l used for the mixiiiit 
hoH a narrow nnh, to faeihlale uliM-rvalion of the two layera. 
(I’atented ; if Kapellcr) 

SoIuUnty-curva nuthod.- Anhydroua ]K>laaisiuni fluoride de- 
hydratea alcohol aonii'what more elTi'clirely than (lotahsiuin 
eirbonate. and like the latter, when added in certain ]iro|Hirtiun8 
It causes an aqueous solution of the oleohol to se|)aiale into two 
layers If more water is addisl. sujsiratioii no hmiter oi'ciirs, and 
at the (loiiit where thin just hoppens the liquid eoiitnins. for a itiveii 
temix-mtiire. detinite proimrtions of fluoride iind alcohol Kiank- 
forter and Frary' hare eonstrueteil n sohibilily lairie of ]HitiihMuin 
fluoride in iileohol water mixtures, and by means of it have devised 
u iiiellioil of estimating alcohol booed on the fongoing ],<'inei|>le 
A weighisl quantity of fn-olily ignited |H)lnssnini lliioriile is inlro- 
diiird into 11 weighed slnp|wn'd flask, then n neighed qiuinlity of 
the aleoholie solution is added, and the fluoride dissolvisl 1'he 
pnqinrtions of solution and lliioiidi- are so elioseii that the n-siilling 
liquid se|sir<ites into two hiveis Water is then addl'd dlop by 
drop from a luin'lte, with fn'quenl slinking, until the solution is 
just lioinogeneous again nt 2 !> , the whole is then weigliul again 
Thus the total quantity of liquid and of lliionde is known; and by 
n-ferenee to the following table (or a eurve jilotti'd from it) the 
quantity of ulrohul m the homugeiiisius liquid, and therefore in 
tho original solution, can be euleulateil. 

Tho method is not applieable to solulions. such as Ins'r, fsintainiiig 
a large quantity of dissolved solids. Moreover it will, of euiirse, 
be understood that the jirocess is not given as ono fur use in tho 
onlinory estimations of alcohol, but as ono luised upon a dilTerent 
principle from those of the usual methods, and of theorulicBl interest. 

A iiiodiliestionof the niethiul, whereby it can W uaivl for estimat¬ 
ing alcohol in tinctures, cte, has la-en deaenbed by Hainea and 
Marden ‘ Weighing is dispensed with, the volume of tlm separated 
aieohol being leod oS in centrifuge tubes Theac an of 15 ce 
capacity, graduatol to 01 c e,, and carefully calibrated so that 
nodings ran he estimated to UUl c.e. Ten ce of tlic samplii 
are taken, unless the alcoholic strength is SO per cent or more, 

‘ Eighth lut. Cong. App. Chem., 1912 j J, Phil. Chem., 1(13, 17, M3. 

> J. isd Eog. Chtm., 1917, t, 1139. 



ALOOIlOL 


if* 


ma. li 


in which cow’ !> cc nn' (lilutifl with wntcr tu 10 cc in the tube. 
Dry potiuwiuin fl inndi- ic thru added iintii the viiiniiir in tlir tube 
n-iulH alHiiit 13 r r, and a ainali vrystal of iiinlarhitr girrn in dropped 
in to colour the alcohol layer The tutu- in then clonril with a 
wcll-iiUiiiK ntopp<-r, nliaki'n vigotounly for two niinutrn, and (vntri- 
fugcil fur tun or three ininutrn The aleohul aeparaten in an upper 
layer Itn voliinii- in then read off If ita trin|H‘ratuiv in not 
l.5‘0'. a eorreetiun can In> applied, iHuied on the eniinuleration that 
the tarmtion in volume ]ier I' in agipruxiinateiv OflOl ee for 
each er of alcohol Kurtlier, ninee tiiieen of alcohol are ntill 
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KliHinih' 

Alttifiiil 

Fhiiintlt* 

Alriihnl. 

60 

2HS 

40 

6 32 

20 

23 4 

h9 

362 

30 

6 65 

16 

25 1 

5H 

303 

36 

7 01 

IH 

2tl D 

67 

313 

37 

7 40 

17 

26 6 

56 

3 24 

36 

7 63 

16 

.30 6 

55 

3 36 

35 

630 

15 

3i6 

54 

3 4H 

34 

HHl 

14 

35 0 

53 

3 61 

33 

6 37 

13 

37 2 

53 

3 75 

32 

0 66 

12 

301 

51 

3«i) 

31 

10 64 

11 

417 


106 

30 

1136 

10 

110 

46 

423 

26 

12 14 

6 

464 

4H 

141 

28 

12 66 

6 

40 0 

*7 

4 60 

27 

1362 

7 

510 

4H 

460 

26 

14-64 

n 

551 

45 

5 01 

25 

1607 

5 

56-7 

44 

5 24 

24 

17 33 

4 

62 6 

43 

5 46 

23 

16 74 

3 

67 5 

43 

5 74 

22 

20-20 

2 

786 

41 

6>02 

21 

2160 

— 

_ 


retained in the fluonde layer, an addition of 0-15 er nhnuld be 
made to the obnerved ivarbng, takim from the bottom of the 
men'mena AVith eaieful rradingn fairly oeruintc reanlta ran bo 
obtained, namely, to within about ± 01 per cent. A solution 
containing 1 per rent, of alcohol just shows the presence of the 
latter by this method. Uqiiida such as acetone, essential oils, 
etc, must be absent; and if the addition of the fluoride produces 
a precipitate, the sample should be distilled before applying the 
test. Whisky, however, can be analysed witbont distillation i{ 
it is first clarified with alumina cream, 

a] 
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MM. DubouY and Diituit' conaidpr that Ihi' dct«riiiinati(in of Uic 
OlUMd tamperatBra ol lolHUon as dmcribvd halim- affonls a marc 
) rapid and sensitive metlval of estimatini; alcohol than the detormina- 
tion of the speciric gravity. The liquids found to gi\e the boat 
results as aolvrnts werc; (d), n nuxlure of .I volumes of aniline 
with 3 Volumes of 9.5 per irnt alcohol, and (Jl), a mixture of 
t volume of nitrobenzene with 9 volumes of O.'i per cent, alrohol 
On mixing 15 c e of hqiiid A with 10 e c of an aqueous solution 
of alcohol, and heating the mixture, the entieal temiieralnrc of 
Bolution raried pruportionatelj with the uinount of aleohol in the 
aqueous solution, at the rate of 3 35' for em-h I |a'r rent Similarly, 
in the easo of liquid B, each 1 |ier rent of aLxihol causixl the critiral 
temiwraturc of solution to vary by 12’. 

Tlie apjianiliih m|uin'(l eonshts of a test-tuU* 3 5 ein in diameter 
and alHi.ll l.'i eiii liaig do's'il b) a is>rk. Iliruiigli «liieli is pusMxl a 
thermometer graduated in Irnllis of a degn«, anil a glass stirring- 
rofi (iH'ut to a eirrle at the end) nhieh eaii move freely thniiigh 
another opeiung Fifteen r e of the liquid A and 10 i e of the 
alcoholie distillate (ey, fnim nine) are gently lirabal and sUrred 
in the tube unt d tlu> t urbidity >.iiddenly dLsappoars (hi non eiailing 
the liquid the turbidity should rea|i|iear at the same temixwuture. 
and this h noted as the entual temperature of solution The 
rcsiilt may then be rheeknl with liquid B in (ha place of A 

To .sitablish the relationsliip between the entieal temperature of 
solution and the proportion of aleohol, three solutions ace propansi, 
containing approximately 9, 10, and 12 per coiit. of alcohol, tlie 
exact quantitica being found by iletecmiiiatiims of thu speeilie 
grevitim. Then, by plotting a rum- in which the percentages of 
aleohol form the ordinates and the rcapeetive rritirol temperatures 
of solution the abseissm, tho percentage of alrohol entrespunding 
with a given critical temperature of soiutinn may he found. 

Applied to the distillates from wines, the method gave results 
rather higher (01 per cent) than those obtained from the spceific 
gravity This is attiibatod to the presence of tracce of subsUncos 
other than alcohol and water, and affecting the entieal temperature 
more than the specific gravity. 

Estimation of traces of water in alcohol.— Accor¬ 
ding to Nussbaum,* a mixture of equal volnmes of absolute alcohol 
and light petroleum is homogeneous when heated slightly, but 
hecomss turbid when cooled. The point at which the turbidity 

• Ann. Vkm. .(aol., 1900, U, 4. 

Pham. Ctun , 1917, U, 399. Jf. C'tm. Sue. (Abit.), 1917, lU. u, 319 
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appi'iirH in Hhiiriily rli>iiiu>(l, but M ntiwil by iilxiiit KI" ulicii tho 
alcohol coiiUuiH 1 |N>r rent, of HabT. 

The pn'wncc o{ water in alcohol may therrfnru !» awertuined, 
anil lU quantity mtimatod, hy determining the temperaturo at 
wlueli the alcohol given a turbidity when mixed with an equal 
voliiinn of light jietroleum. It is necessary, however, to make pre¬ 
liminary tests with light petroleum and quantities of aleuhot con¬ 
taining deliiiito amounts of water, berause tho point at which the 
turbidity is olwerved depends on the kind of light is-troleum uwd 

The same principle—determining tho rritical teiiqierntiiru of 
solution has also laxm applied hy V Rmlt for the estimation of 
vary smail quantities of water in alcohol ■ The soKcnt employed 
is a mixturu of transformer ml and conimensal (uirallin od To 
staniliirdiso it, |ierfis'lly anhydrous alcohol must Is* prcpsreil, 
which is ilone ns foilows About 2 litres of DO |K'c icnt nicoliol 
am piaissl in a large flask with 300 grains of quicklime, and the 
flask IS siis]HSidisl in a water-bath which can he quickly mnioicd. 
The alcohol is gisitly lioileil for some days under a rellu.\ condenser 
proteeted by a phosphorus iK>ntoxide giianl-tulie Tlie condenser 
IS then mvenasl and arranged to deliver the distdl,ite into a wide, 
corked iiiiri'tte, also giiarrled with iiioistun* atisorption tubes 
Siicismive |Hirtioiis of alcohol am disidhsi over into the burette 
and testisl as follows with the solient until a const,int iiiiiiiiiiiiiii 
value IS oblainni 

Kor the lisit, all the apparatus must la- dried in an men at loti'’, 
and every prccaiitiim taken against access of atniospheiic nioistiiie 

An Kilcnineyer flask of about IX) e e eapaeity fitted with ,i rubber 
stopper is oecurately tansi, a few dnqM of water am intnslueisi 
rapidly from a pipi'tle, and the weight iiotnl. Then I,'! to 2.1 ec 
of nleohol iiro drawn from tho distillation bundte and the flask is 
wxMghisI again, so that tho gravimetric eninposition of the aqueous 
alcohol is accurately known. Tho rubber slnpiwr is leplaml by 
another, which has also been dried in the oven, and has two holes; 
through Olio of these passes a standsniksisl thermometer, mailing 
to 0 2', and through the other a short glass rod. The glass rod is 
withdrawn, the point of a burette being inserted through the hole, 
and a moosunxl volume of the solvent is run in. eaieulatcd from 
its specifir gravity to amount to 12/13 by weight of the aleohol 
employed. Tho measurement should be accurate to 01 c e The 
rod is tlien replaecd; the contents of the flask are warmed with 
gentlo rotation until tho liquid is perfertly clear, and rotation is 
continued while cooling, until a sudden sharp clouding of the solution 
V Mm. K. MiUcnalpru/., 1913, 81. US: Amlyil, 1910, U, 319. 
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nppcars. Tlii; ti-iii|M‘ratun< at which this urcuiw ia Ihc critical 
tciniirraliitc It may hr noUal with an arnirary of 03°, which 
carrcN|iun<ls with 0 01 [mt cent of water in the alcohol 
For n );i\'cii oil, a alandanliMition curve ia plnttial, uaiii); ililTcrrnt 
proportions of water to alcohol Tliia curie may Ik- uarit aniw- 
qiicnlly for rapid and aiiiiplc catiniationa of water in atMnfc alroliol 
aecairdinc to the forcftoinp pmerlnn'. mulalit timlantht Tlir riar 
of critical tcin]irratnre ia alinoat a atrai);ht line function of the 
percenlage of water within the liinita of 0 to 3 5 ])er rent 
M ifonea anil A fjpworth have iiacil n lironinnaphthalene for 
the (Icterniination of water in inoiat alcohol' Weigheil i|nnnliliea 
of the alcohol aiul linunoiiaphthalene are niixeil. anil the aoliitioii 
ia ciHtlnl ilouii slowly until eloiiiliiig apja'an All o|iales(a‘nee 
ociiin jie-l aliovc the critical |a>ml, hut this ia eaaili ihslingnislinl 
from the true eritii,il point, when the lii|iiiil aiiililenl,\ liccoiiira 
0 |ui|iie The temperature at wliirli this occiira ia notial it Mirira 
with the iHTiaaitage of water in the aliohol if the lainccntiiition 
of (he liioiiionuphlhalciie la constant, iiiiil iilso with the eoiiiaaitra- 
tioii when tliia \ariea A tiiiile of viiiiiea liaa iieen laiiiatiiicteil. 
aliownig the percentiige of water roiresiionilinit with nirunia eon- 
ceiiliations iiiul tcniimtiirea - for thia ami iletiiila of nianijiiilation, 
the iiiii>iniil pa|U'r shoiilil lu- laiiiaultial 

Ethyl alcohol in the presence of methyl alcohol. 

Mlieie a eonsiilerahle proportion of ethyl nleohol ia iiiixeil with 
nielliyl alroliol, the rcfraetiiiiieter, aa alri'aily expliiinril. will liulh 
allow the pri'acnce anil iiiilicatO ajipmxiiii.ilcly the pni|xirtion of 
the clh\l alcohol (Ir the pro|H)rtioiia of the two limy he ileiliiceil 
from the ileiiaity of the iiiixeil uuliilcs (iiaiily anil Mrker'a iiiHliial). 
or the methyl alcohol may Im entiniiitial srfuiialely hy one of 
(hr methoila ilcserihial earlier, ami the ethyl nleohol taken hy 
iliiTcri'nce 

But when (uily a amnll quantity of ethyl alcohol ia contiiineil in 
a large volume of methyl alcohol, the jinihleiii of ita ilctirtion anil 
eatimation lieconica nion* dillicnlt. With such pmportiona ns one 
or two ]icr cent, of ethyl alroliol prohably Bcrthelol'a well-known 
method is the beat. It de|ienda upon the cimvrraion of the ethyl 
alcohol mto cthylune by means of sulphuric arid, and the alisoryition 
Ilf the ethylene in bromine with the formation of ethylene dihmtnidr, 
which can be separated and measured. The details of this prorcss 
as used oSicially in France are given by H. Louis Calvct* as fellows 
Into a flask of about 2 litres capaeity fitted with a safety-funnel 
and connected with a wash bottle ccHitaining water, are jiourcd 
* Tnm eftftn &tie, 1014, UfS, 1080. * p. 184. 
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350 e.c. at sulphuric acid at 00* Be To this is added raictuOy 
50 c.c. of Uio methyl alcohol, avoiding too much rise ot tcmjwrsture. 
The naiction is alloircd to proceed during half an hour, after n-hich 
the flask U heated, ut lint gently, and then more rapidly and 
strongly. Tho vapours given off are passed through the wash 
bottle to remove sulphur dioxide, and colleetcd in a bcil-jar of 2 litres 
cajiacity, over water When the jar is full, which will lie in the 
oourso of about an hour and a half, tho gases are passed through 
another wash-bottle containing a solution of potassinm hydroxide, 
and then through an absorption bulb containing bromine covered 
with a little water. To the outlet of the bulb a washing jar con¬ 
taining caustic potash solution is attached to absorb any bromine 
vapour carried over 

Wiien tho operation is finished, the contents of the ahsor]ition 
inilli am |Kiiited into ddute alkali solution, whieli absorbs the excess 
of broraine, leaving the ethylene dikromide nndissolved, in the 
form of oily droplets The volume of the dibnnnide is meosured ; 
eouh 0 I e.c. corresponds with about 1 per rent of etliyl aleohol in 
tho liiiuid taken for analysis. 

l)onig6s has described a metliixl for detecting ethyl alcohol in 
the presence of methyl ah-ohol, which can also be used for estimating 
tho [MToportion. Tlie process is liased upon the fact that ethyl 
aleohol is readily oxidised to acetaldehyde by means of Imiininc 
water, whereas methyl alcohol under similar conditions is not 
appreciably affected' 

A mixture of 0 3 c c. of the alcohol to be tested and 5 c e. of 
limiiiine water (0 3 e.c of Rr in .W c c of water) is heated in a 
boiling water-bath for a period of five to six minutes, unless the 
colour is discharged sooner. Tho niixtiire is then roolcd, and if 
still coloured, a solutinn of srsliiim sniphitn feonimerrial, 3(1 to 
411° Be., diluted to one-fifth strength) is added drop by drop until 
tho colour just disappears. Then 6 e.c. of fuchsin-bisulphite solu¬ 
tion are added, and tho mixture allowed to stand for five to eiglit 
minutes. In the presencu of ethyl alcohid a mi or reddish-violet 
colour is developed, the intensity of which is proportional to the 
amount of ethyl alcidinl present. One per cent, of ethyl alcohol 
can thus be detected, and the method can be made quantitative by 
eomparing the colour with that obtained from standard solutions 
containing known quantities of ethyl and methyl akohols. 

Tho fuchsin-buniljdiite solution is best prepared by adding 10 c.o. 
of sodium bisulphite solution (30° Bd) to I litre of an aqueous 
solution of fuohsin (O'l per cent), and when the colour baa become 
I HM. Hoe, ehim., 1911), 7, Ml. 
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faint, mixing in 10 p r nf ponrpntratpd liydrwhloric acid aolution. 
With vpr}- umall quantilipH a blank cxpprimant on pure ineiJi}! 
alrolml m iiuuIp, for p<iiii[iariM>n. 

In tiu! abwncp of math) I alcuhol, or if only a Hiuall pnijiortiiin 
is present,'pthyl alrohol is detected by adding an equal vuluuie ot 
methyl aleohol to the sample under examination, and a]q)lying the 
test as deacu'ibcd In examining very dilute solntiona (O'S to 3 U per 
cent), the mixture to be heated is made by adding 0-2 e.e. of methyl 
alcohol and U 03 c e of bromine to 0 e.e of the alcohol fur testing 
Determination of alcohol in chloroform.- Small 
quantities of aleuhol are often added to ehlurofomi an a pronervntire, 
especially to chloroform intended fur pharmaeeutirnl puriioses. 
The lirituh Piiarmacopu'la requires 2 ]irr rent, of absolute aleoliol 
to be adiled r'or quantities nf Ibis unler tb ' following method is 
satisfactory. 

Fifty e e of the sample are o-xtractisl in a separator with strong 
Bttlphurio acid, fink with 20 e c, again with 20 e e, and finally 
with 10 e c. The neiitextraets are run into 200 e.e of water, and 
distilhsi gently until ICO c e have hern collceted Tho distillatn 
is saturated with sail andvlraetni with prtrolrum ether to rrniove 
any trares of dilorofutin, Itpd then distilled again, the distillate 
made up to 100 ee. with water, and the proportion of nleoliol 
det-Tiiiined from the speeitic gravity in the usual manner. 

Kui the ileliclum of alcohol in t^loroform tlie same method may 
ho iistHl for the extraction, excc}>t that 10 e e will usually siiirns-, 
, witli pniportionately ainaller qnantiliea of acid and water, and the 
treatment with petroleum ether is nut nmswary To the dislillab' 
from the acid the iodoform teat ia applbsl, supidementtsl if desired 
by any others of the quaiihiUve tests already disaaibed Take 
10 e.e of the diatiilate, odd 0 drojis of a 10 per rent solution of 
potassium hydroxide, and warm the liquid to about 60°. A solu¬ 
tion of potassium iodide saturated with free iodine is next addisl 
drop by drop with agitation, until the liquiil becomes permanently 
yellowish-brown in colour, when it ia carefully decolorised with 
, potassium hydroxide solution If ethyl alcohol ia present, iodoform 
L is gradually deposited at the bottom d the tube in yellow crystals' 
Nicloax’a method lor estiinaUng alcohol in ehloroform is given 
. in some foreign pharmaeopieias, and is often useful, though not 
. vmy accurate as deseribed. Five c.c, of the sampk ore shaken 
I with 20 c.c. of water to extract the alcohol; 6 c c. of the aqueous- 
alcoholic extract (which should contain rmt more than 0 2 per cent. 
I Hager, aa quotrit by BaakerviUe and Hamor, /. lad. Eng. Chm.f IVllI, 
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of ak’ohol) art' mixed in a teat-tube with U 1 to 0‘2 c r of a solution 
of |K>laiMium bickroniate (Ifi grama jicr litre), and then with pure 
aiil|ihuria acid (D ■- I (4), added rautiuualy When the acid ia 
in aulliuiont quantity (4 S to 6 c c ) the aolution ia dceoloriaed, and 
thu liquid ia now gradualiy titruteti with tho bichromate aolution, 
being shaken and gently warmed after each addition, until the 
colour ehangea from greeniah-blne to a permanent gr?riii8!i colour ' 
'riiia change ia moat reodiiy reetigniaed in aoiutiona containing leaa 
than 0 2 |X'C cent, of alcohol. 

It ia adviaabie to make a aceond rxp<'riment in which tiic amount 
of diehroinule uai>d in tho first determination, ieaa 0 1 e c, ia run 
in at once, the aniphurie arid added, and the liquid healed to boiling 
Tile eontenta of the tula' should remain greeiiiah-hiue, whilst in 
another delerminntion in which 01 ec. of dieliromate mm€ Ilian 
the first reading ia oiided, tho eoiour should change to greeniah- 
yellow The nuiiiher of c e ronaiiineil, divided by l,(HI0, gives tho 
amount of nbaoiuto aieohui in e r jK'r e r of aoiution When the 
pniporlioii of alcohol is leaa than 0 1 per cent. the strength of the 
ilieliroiiiale aolution ahoniil be doubled 

As mentioned above, this methiai (in.'s not give very neeiirato 
leaiiita, the reason lining that aii the alcohol ia not removial by the 
treatment deaeriiird. This ran Is. done, however, liy shaking 
the chloniforiii with twice its voliiino of water, separating tho 
aquroua extract, and repeating tho operation at least ten limes. 
Tho eomliiiied extracts are then made up to n delinile volume, and 
a suitable ((uantity taken for the oxidation 

Another naeful method for the detertioii of alcohol in chloroform 
ia one pro|K)ard liy Thresh' The sample of ehloniform is aliakrn 
with an ixpial volume of water, tlie aqueous rxtrort distilled with 
sulphuric acid and potassium dirliTomatr, and the distillate tested 
for acrlaldehydr by jiaasing it into a tube eontnining a few c e, of 
iv atroiq; (syrupy) solution of caustic soda. The liquid in the tube 
is boiled for a few scrunds, and then set aside for a couple of hours. 
A yellow colour and a chararteriatic odour are developed, and if 
the proportion of aldehyde is sufficient, flocks of tho aldehydc-teaiii 
arc deposited. The general directions given by Thresh for the 
oxidation of dilute alcohol solutions arc to use 100 c.c, 2 c.c. of 
saturated solution of potassium dichroniatc, and 8 c c. of a dilute 
sulphuric acid (equal quantities of B.F. acid and water), riistdiing 
20 c.c. of the mixture. As applied to the detection of alcohol ia 
chloroform, one-fourth of these quantities, or leas, can be taken. 
Thresh made the method approximately quantitative by coloti- 
> fhim. .V<w>, I87S, 88, gsl. 
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tietric eatimation of the lesin produred (dinoInHl in warm alrahol 
and diluted to match atandard aolutiona), but the method already 
given is preferable when quantitative rceulta are required. 

Estimation of alcohol in mixture with 

SCetone. —Where the proportion is not too anudl, an approximate 
dbterminatian of tlie Bibohol can be made by converting it into ethyl 
Ibdide and meaauring the volume of Uiia. The fdlowing proceaa 
«an be uaod for mixtures of alcohol and acetone eontaining 14 per 
cunt and upwards of abohol. If more than a ainall proportion of 
witter M present—about 6 per cent, say—the mixture should first 
be dehydrated with lime or potassium carbonate. 

Where the proportion of alcidiol U likely to be low—not more 
than 2U to 40 per cent, by volume, say- 20 e.c of the mixture are 
taken, and added to 20 grama of iodine in a email llaak, together 
with 9 c c of water: the latter helps to regulate the ivaclion. 
Two grams of amorphous phiwphurus are then added, the flask 
attached to a small reflux condenser, and the action allowed to 
proceed for about ten minutes If the action becomes 'oo violent, 
the flask must be cixiU'd a little. 

When the reaction is over and the flask has cuoled down, the 
cundenscr is reveraed and the mixture distilled. The ethyl iodide 
is collected under 15 e c of water contained in a graduated 25 c.c. 
o.vlinder, surrounded by a bath of cold water, and the distillatioa 
is i-ontinued as far as iwacticablc in order to obtain llio whole 
of the ethyl iodide The delivery-tube should dip niidcr the 
surfaeo of the water in the cylinder, and it should ]ireferably 
bo a bulbed tube, to guard against liability to back-suction 
due to absorption of hydriodic acid gas by the water. When 
the iodide is all colleeted it ahould be allowed to settle for some 
hours, and the volume read off. Each o c. of iodide U 573 
gram of ethyl alcohol. 

With higher proportions of alcohol 15 e c or HI e.e. of the acetone- 
alcnbol mixture sliould be taken, and treated in the same mamicr, 
but using 30 grams of iodine and 3 grams of amorphous phosphorus, 
bistead of the preceding quantities. Wlicrc nothing is known as 
to the probable propiwtion of alcohol, or indicated by the specific 
gravity and refraction of the dehydrated sample, a pteliminaiy 
experiment shmild be made, using 10 c.o., and the larger quantities 
of iodine and phoephtwos, and the experiment repeated with any 
seceesaty modificatian. 

Detuttea of iteohifl (ud iMehjrde) In preHiiee of leatone.-- 
.. Aecmding to H. Agulhon,* a reagent prepared by dissolving 0 6 gram 
’ Aim. Ckim. Asof., 1412,17, 60. 
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rif iiDtiiNiiiiin (lii'hniTiialc in c r of piirr nilni* nrid, sp gr I 310, 
({ivi'A II liliip I'lililur nl <iiui-, in tlm I'oli). uitli iilrnhols and n1di‘h>di-s, 
Imt diM<4 not react with kclnnes until after sniiie liinira’ emilaet. 
Oiiii c (I nf pure ueetiine with 3 e e of the reafient developii an oluc- 
Ifreen eoloiir only after three hours, a Holution of aretone (I : 5) 
n>i(iiinii twenty-four hoiira to form the eolour With aolutions of 
uleohni, and of formaldehyde, n bine colour np|x>nrH in one or two 
minutes nt a dilution of I in 200, with doiihle this dilution no 
eolour apiwars Apjiroximnte detiTininntioiis nf the iileohol or 
aldehydo eiui lie made rolnrinietrirnlly hy means of the 
reoftent. 

Estimation of acetone in presence of ethyl 

alcohol. -il Kakslnt mialifies Hlessiiii'er's inetlnsl hv suhsti- 
tiitint; lime water or liaritn water for eanstie ]iotn*.li solution, 
with the view of dimniisiiin); the error due to formation nf iisloforiii 
from the ethyl aleoliol' 

Tile sample tola' examined, isinlaininf'iiluint 0 0,‘ieriim of aeeloiie, 
is, phitssl in a 7,'i0 e e lliisk, and 300 e e of fieshli prepiinsi lime 
water added; the tinsk is lnosel\ elosed with a riililiis eork, and 
heatisl to ahoiil 3,"i'’ Drop liy dnip ee of A’.ri iodine solution 
am addisl, and the iinxtuie shaken for live miniili-s, theii another 
■'> re, of Kslini' are siimlarly addisl with shakiny, anil so on until 
40 e e ot iodine hare las'ii mil in If diinu}; the .idilitioii the eolour 
of the iisline |H'rsists alter thomiii'h Hhnkiii);. iiioie lone water 
should Ih< iiililed Ten mniiites after the liiial aililitinii of iislme, a 
few drops of stamh solution am added, the eoiitents of the flask 
shaken and eooleil, l.'i ee of .V, l-siilpliiirie aeiil run in, and the 
excess of iodiiie titrated with A’/IO-thiosulphate Tlie mimher of 
e n, of jf/o-ualiiie nsisl up, iniiltiplieil hv 0IHtltKI, pves the ipiiintity 
of lus-tone pmtumt 

Knidi ro. of ethyl aleohol im'si-iil, was found to iim- up 0 8 re 
of AI'/5-iialiiie, and this eormetion ahould hr applinl, Aeeiirate 
msiilts are given uitli 1 part of ueetone In 10 of aleohol, with 
I to 100 (larts of alrohnl the results am less satisfartory, as the 
eorreetion is then ndatirely great 

Estimation of ethyl alcohol in ethyl ether.— When 

the proimrtion of aleohol is nut tiai small, the following table, due 
to .Meker,’ iiiarlie usisl to aseertnni the pm|)urtioii fmin the density 
of the iiiuxtiin' The latter, if not anlndnais, should Iw dehydrated 
hy treatment with potassium enrlionatr. 

‘ .luiflvo. Itllli, u, 24.1. 

* (Vilwl, ‘ .Vk-oelV' !>. .112 
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VVhiii tho ainount of ah'oliol ik t(M> him, ill in 1 m> (l«‘t(TitiiiiHl 
im'aiiH Ilf thp <l4‘mitv tin* follouinti priM^ini, dm* to P S/^'lipri'n^i’ 
may lx* a(lo|»t4*(l Ft ih baMoil m{)oii tin* fn<t tliat aliohol in rcndih 
oynIimiI by 11 iiHKlfmt«'ly a<'i'd holution of |N)tahsiniii dirluonintc. 
whiixt i‘IIkt h but hlijflitly alFroti’d 

r of tlu'wim|»l(‘un‘ililu(H( Mith uatiTfo ItKIc 0 'riurtyco. 
of thiH aiv* plaii’il in a TiOO v v llnnk, into nhii'b bavo (ilioad> bnn 
intriMliicnl It) I'c of A*/2 (lii'hromati*, 2() cr <jf rliliito hul))liun<' 
aMfl (I ' 1). ami 41) ci* of uatiT Af(<T lioiliiiK for tiftorn ininiitoN 
iiniliT a vortical I'oiidon'aT, iiiid o(m>Iiii^ tiu* owi'sh of iIii'liroiiiHto la 
titrat'd liNloimdiicalK \intb]n(; abon Of) of dioliioinaU* 
uaoil n'pn^si^nta 01>4 of alndiol for nn'li o <* The exact quantity 
of ilichniinato mnl up b\ (>thiT must bi' ilctrniiiiml by r\|MTiiii(iit 
For NotiioHhat larKiT aiiioiintH of alvoliob H cv of Ibr aipiooiia 
solution an* taken Hith ^) e e of the iliebroniate, 5>> r c of uater, 
and 2tl vv of tJie dilute Hiiljihurii' iieid. In aueb eaM'a, no nirn'O- 
tion niH‘d b(* inmle for the diehruinate iiaed up by the etIuT 
If tlie ether ia alao to In* eNtiinat^tir a 2 |ht cent aquniua aolution 
in prejwnKb and 10 e.e an* treated for ah ohol, ns dewTiM Andlher 
10 e (* an* tlien placed in a atoppn*d TiOi) e e llaak aith midition of 
4t) (* e of 4V/2-<liehn)niat(' and 40 e e. of aiilphurie aeid ]irevifnjNly 
mixed with 10 e o cif water, and eooled Aft4'r waiting for twelve 
houra, the contents of the fiaRk are diluted with 400-/>tK) ee of 
water, and the cxei*HM of dielironiatc la titnitisl ob ladon*. 

After deducting fnim th<* n*sntt the diehnniiati* uaed up by the 
alcfdiot (multiplied by 1 I), thn proporiiim of ether ia found h^ 
iiiultipl>iiig the imnib(*r of c e. redured by the factor 4 6 

anaL C'Aem.. 409-11. 

q 2 



AWOHOP ' 

Tho following njiproximate mothod for thr dctorminaticm of 
alcohol and other in a mixture of the two is deerrihcd b}' J. Flriaeber 
and H. Frank.* 

When 10 c c of a mixture of alcohol and ether are treated with 
u c.c each of lirnzene and water, arparatinn takca place, the alcohd 
going into the aqueoua layer and the ether into the benzene layer. 
The pmpurtiona of alcohol and ether ran then be determined 
apiiroximately by the increoiie in rolumo of the two layers. 

If the alcohot-othor mixture already contains water, tho speeilio 
gravity of tho mixture must first be ascertained Hie volume of 
the ether is then determined'in the fori'going manner. The siieiific 
gmrity /> of tlie a(|ue<>us alcohol in tho original mixture is ealcu- 
laled from the formula 

^_10d-0'729a 
HI - a ’ 

where d . the s|H.'einr gravity of the original mixture, a =■ the 
nuinlier of e e of ether found in the HI e e, and II729 - the sp. gr. 
of ether. From the value of I) tlie iXTcentage of alcohol is obtained 
from the tnhira ns usual. 

For didermiiung small aniounls of water and alenhol in 
“ nmosthetie ” ether a process has been worketl out by Mallinekrodt 
and Alt * It depends uixm the removal of the water by means of 
a weighed quantity of potassium earbonate, any ahohol remaining 
with the earlionate being climinateil liy wnstiing with absolute 
ether. Hie operations arc eatriid out in a Kegnault pyknometer 
os usml for estimating the speeifie gmiity of solids, and the increase 
in weight of the potassium carbonate gives the quantity of water 
in the ether treated 

To determine the aleohoi, another portion (100 grams) of the 
sample is dehydrated by treating it in a stoppered flask fur fourteen 
hours with freshly-dried {Kitassium earbonate (40 grams) The 
s|ieoific gravity of tlin anhydrous mixture of ether and alcohol is 
then useertainnl, and the proportion of alcohol reail of! from a 
curve which has licim ronstructed with data given by mixtures of 
ether and alcohol in known amounts For these data and the 
details of manipulation tlie original paper sliould be consulted 

A simpler procedure has been described by B. L. Perkins, who 
determim'S both alcohol and water from the spcclfle gravity of the f 
sample, taken before and alter dehydration with .potassium 
carbonato.' 

> Ckm. AsU., 1907, II, 091!. ' J. hid Ka/. Ciem., 1910, I, 907. 

> IM. 1917, t. Oil. 
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The specific gravity of the ether is taken at 2S°/25“. From 
100 to 300 ce aie then placed in a liaak, fiO-SO grama of (dr}) 
poteaaium carbonate added, and the naxliiie alinnetl to stand fer 
twenty-four houM, with otanainnal shaking The a|iccille gravity 
of the treatnl ether ia then ogam deterniined By reference to o 
graph eiinatnicted from the underinentiuned data the jierrentagca 
of lK)th alcohol and water are obtained. 

Puce anhydruiia ether haa the ap gr. 0 TOUON at 25'73d°. Mixturca 
of this with known quantitiea of " abaolute ” alcohol (0 to 4 per 
cent.) and water (() to I (wr cent) were mode, and gave the apeeifio 
graiitiea ohown in the table below. Hie uhaihol nmtained O'M per 
cent of water by weight, thiia intnalucing the email quantitiea of 
water (0 000, 0012, et<'.) shown in the aeiamd culunin, Tlie per- 
eentagea an* by volume 
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tl TiKIliH 

0 7IIIH) 

0>71J40 

071370 


1 

litSM 

0 7IIMIi 

(171210 

0 713iiri 

0 71101) 

0 71622 


111)11: 


0 71333 

0 71474 

071012 

0 71743 

.1 

II l)|H 

« 71322 

0 71447 

OTiriKl 

0 71720 

0 71HS0 

4 

U lljb 

(171429 

0'7]r>5n 

0 71001 

0 71M2H 

U71037 


The value of the apecilic gravity ohtoined for the debydntnl 
ether ia referred to the lowest curve in the acnmi|Mnying diagram 
lliia gi\-ea the jiercrntage of nlcohoi in Uie ddiydtttted ether, 
which IS practically that in the original aample. (A correctirm 
couhl bo mule on account rd the water n-maved, but it would 
always bo less than 0 tti per cant) 

The interaection of a vertical line thniugh the jioint thui found 
with the boiiaintal line representing the apeeifio gravity of the 
original sample indieatea thi' quantity of water in the sample. 
If the point of interaection falis on one of the curves, the percentage 
of water is shown by that curve. If it falls between two curves, 
the percentage is obtained hy interpolatinn of the vertical dialanco 
between them. 

Estimation of small amounts of bensene in 

alcobol,'~Ths foUowing method ia due to Holds and Winterfcld.* 


> Chan. ZoL, 1908, at 313 i (Abst.) AnalfM, 31, 343. 
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tr CHEHIRTRy OP MlSTHYt AND BTim. AUYHiatS ISl 

It IH ImkhI upon lh<> fiu ( lli.it on iliritilUtioii tlir nhnir i»f llii> binzt'iii* 
INiHM'S o\i‘r III llii' lirnl lo jkt nut ctf thr lUhtillatc, iiiul ii]>|M'ni'K ha 
an oil,\ lii\rr flo.itiiig on ilu* miHihc 

Om* hundii'il w of tin* uliohol iiiulrr tAHininalioii, tliliiU'd uitli 
Nultuh'iil Mjilt-r to biin^ the iilroholii- Mirii^th to 1’I7 piT loiil 
by hciiiM. iii<‘ ilislillril. .tml the liiM l»r v of llit- dMillnU* i-ollwtul 
ill .1 ILislv iooIimI uilh uiMold uuU'i On itilutliii; tliih dihlilliitr 
mill iOto:!<hM‘ of watti uiul tiuiiMfciinif! it to.i inrasiiiini'r^liiub’r 
or u hiiii'tti*. llic pro]Kii1ioii of sciwuitiul l:i‘u/.vnc nia,\ lio iciul 
diii'ctly Tli«‘ iHiiM'iM' n'liuiiiiiiip iliftsoKfd m tin* turiiid lovitT 
iiivor .UlJOUIltri to .llNIIlt 0 *||HT (lilt l>\ Milllll|(‘..i||4l plUCtM filial ('Oil 
aliinl Mlicther the oiij!iimhpiiinlits of licnmirlr M r> or)H‘r (liil 
A iiiodiliiMtion of tlll^ niHliiNl, dm* to Wolff,’ «.iii be iiM‘d fir 
till ib'Uiiiiiii.dioti ot ('tlici in abo|ii»l sin u(*ll as bni/iiu* 

One bniidn'd (■( of tlio siiii]ilo .iic ddutt'd iiiitd tho i»|HH'ili( 
^i.iMl\ i» (M.ld, and distilled into a ^Maduatnl r\liiiiier (HKI ee 
(cipaiilv) until ee bsi\e been (olb'ited The di'llMTN tlll'o of 
tb(‘ londeiisei should dip at least .‘I (in into Dm e\liiidot 
To till'dis(illat<‘so < ( of a MiiiKiifiati'd sodiinn (liloiidi solution 
aieadiled the inixtiiii'sluiki il Mftoioiisl\ Ueiili tliiics. and allomnl 
to stand The \oluiiie of the iipja^r liiK'i lilves the piojMU’tioii oi 
ether (or la'ii/ene) ni the sample 

Diibblis of ethir eiitiaiiied b\ the sodiiiiii ehloiide aie eaaily 
fiis i li\ tiiriniu! OI tappine the (\lindi I The eiioi ol expeiiinellt 
la usiiallv less than bo |n‘1 triit If the iileoliol nmtauis iiioh' than 
about 12 to ri |N'r lent of ethei, .'itl oi 2 >m' e sue taken foi distillii 
tioii insle.id ot 100 e e 

Mixtures ol ethyl iodide and ethyl alcohol. 

Till' liiilliiii; iKiiiitx nf Mullin'. iiii\Iiiii'H ii( i-tliil iiHliilr mill rtli\l 
.ileoliol hn\e Urn di'termiiied by S (' .liiiia and .1 N S tiiipta.’’ 
At nornuil pn'ssunv the leaiiits mn* as folhms 
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A niixtun* <‘oiituiiiiiig 87 per cent of eth)l iodide and 13 jkt cent 
of alisihul dialilled an tt hoiiingcneouii liipiid at 61 2' 

Determination of alcohol in the presence o! 
phenol.- -If almhol is M'panih'il from phenol by iliiiliUiiii; n 
• ('Aim Z,il, lillV, 34, 1193. * J. .Imer. t'Acm. Dv., IVU, 13. Il.'i. 
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atmngly allmlian aoliition nf tKa two aubatanrra, the diatillate will 
contain aoine phenol, due to diaaociation id the alkali Senate. 
Aniording to J. Ehrlich,' a complete aeparation ia obtained if the 
phenol ia converted into tribromophenol before diatilling, A 
preliminary aeparation by diatiUation from alkali ia, however, 
doairablo unlesa the quantity of phenol ia amall. 

Fifty c c of the aampio aco meaaurod into a 300 e e. flaak con¬ 
taining 30 CO. of water, and made atrongiy.alkaline with about 
20 c.c. of aodium hydroxide aolution. The liquid ia then diatiiled 
into a 50 0 c. flaak containing I or 2 c.c. of water, the end of the 
oondonacr being extended ao that it almoat tonchca the level of the 
liquid in the receiver. When nearly 60 c c. of diatillate have been 
uollected, the epntenta of the receiver are made up to the mark, 
ahaken, and 2!i e.e. meaaureil out into another 3IX) c.c. flaak 
containing 30 e.e. of water. Tlie phenol ia precipitated by adding 
limmine water (Imp by drop in alight exeeaa, and the liquid at 
once decoloriaoil with a few dropa of normal aolution of aodium 
thiuaulphate. Sufficient Vtnmg aodiuin hydroxide aolution ia then 
added to dioaolve the tribromophenol and leave a decided exreaa 
nf alkali, but the total volume ahould be leaa than 100 e e. The 
liquid ia diatiiled aa before, the contents of the receiver arc made 
up to 50 c c., and the B]H>rilic gravity taken The perreutage of 
alcohol corresponding with this apecifle gravity, multiplied by 2, 
givea the perrentage in the original sample. The action of the amall 
excess of bnimine on the. ethyl alcohol ia inappreciable in a 
short time at t'lc ordinary temperature, and introduces no 
error. 

Acetone, Alcohol, and Benzene.— A method of 
determining sinail qiiantidca of acetone, alcohol, and benzene |>r«- 
■oat in air has been deseribed by Elliott and Dalton.’ A measured 
.volume of the air ia aspirated through the undermentioned liquids, 
whieh absorb the recpective vapours An alkaline iodine solution ia 
used for absorbing the acetone, and the excess of iodine titrated 
with standard thiosulphate. The alcohdl vapours ore oxidised to 
acetic acid by means of a dilute solution of chromic acid, excess 
of the latto being then tibated with iodide and thioaidphate. 
For ahsorbing the faensene vapour a mixture of strong aulphudc 
acid and fuming nitric odd is employed. With the benzene tMs 
yields dinitrobensene, whieh can then bp extracted with ethv, 
and estimated by reduction with a kuown quantity of stannous 
ohloride, the exceas of the latter being titrated with soluUoo of 
iodine. 

■ /. ltd. Cay CtM. ISIIV I. ZID. • JmlyA ISII, M. ISk 
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In u hnMMl, general nense, the term “ iilcohnlotnelrv " ugnifira 
(he Hetermiiiatiun of the proportion of nk'ohol eontained in a liquid, 
whatever the nature of the liquid and whatever the method uaed. 
ft is uaually, however, employr<l in a mmewhat narrower senw-. 
thus ehemieal priweaM-a, auch a« die determination of alenhol by 
oxidation to aeetie aeid and iinding tho amount of thia acid prmhiml, 
would not generally be considered as eoining under the head of 
“ alcoholometry." Neither would such 0 |wrations as the pre¬ 
liminary extraction, purificatinn, and diadltatinn, which many 
liquids must undergo in (hr determination of their aleohrdie nmtent, 
b<' regarded us operationa of alcoholometry m the narrower and 
more usual sense “ The dctcrminatiim by physical methods of 
the proportion of alcohol in mixtures of alcohol and water ” indicates 
fairly well what the term gennally connotes. 

The method almost invariably rm|ilnyrd for the purpose is to 
determine the specific gravity of the mixture This is done either 
dimetly, by means of a specific gravity bottle, a Sprcngel lube, or 
other form of pj'knometer; or else indirectly with a hydrometer 
or some form of hydrostatic balance Next in impurtanee to these 
means is the refmetometer, which in certain cases can be usefully 
employed for estimating alcohol Other physical methods are 
sometimes made use of, such as (hoao depending, for oxamplo, 
upon the temperature of ebullition of the mixture, or on its vapour 
pressure; (or those see Chapter VI. 

Spetdfle gravity.— In the laboratory the specific gravity 
bottle is generally the moat convenient instrument to use for 
•rdinaty misoellaneoua work; but if a large number of routine 
fietermiuations have to be mede, it is a common practice to use e 
hydrometa'. A particular form of the latter instrument is alone 
used by revenue officers in assaying spirite Inr fiscal purposes, U 
Js deacribed later on faee “ Uydrometqr 
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The H|)Rcifit' gravity Imttlc in tnuilu ui variuun aizi'x, ■'iO r c., KM) r v, 
or I,(MM) );rfliiui iH-ing thi- iniMt gi-ncraUy coiiv'enicnt llic form 
mcMtIy umhI in fUtrtI with a iterforatrd ntopiHT, winch uhcii pukIkyI 
lioiiui alhiwH the rvcHH of liquiil to encaiir Ihniugh the [K-rforutioii; 
anil the hottlcH are eatefully adjuntMl to hohl the reqiiinYl weight 
of water at the pro|MT teinjicratiire when the exuilul evei-nii of 
liquiil han iMY-n reiiiovetl 

In thin country the teinpi-rature IM)'’ K ( 15 5(i't') is the one 

UHUully lulopliHl an tliii Btandiinl temperature in iileohuloinetrv, 
and it is tlie pini'tieo in truilo eireira to refer hias'ilie gravities 
of ulisiliohe liqiiiilH to water at tliia tem|HTuluie taken na l,IHMI 
ThUH Imst of Hp gr 1055 (water - I) m aiiiil to hn\e the 
ap gr 1,055; and ihinto alisihol of np gr 00842 la referied 
to iia of ap gr 0S4 2 Tina hna the praetieui 
udvantugi' of nuiking the iliief iigiin'K 
inlegi'ra, and nsluenig the deiinuils to one, 
or lit moat two 

For Ihia nsiaoii iilao, jii ileiihng with 
apirituoua liquiiia for tr,ide or liae,il pin 
(amea in thia eouiitri, it inani s,iiiiplea iin- 
eMiniinisI it la eonieineiit to iiai' ,i I IMai giiiiii 
a|K'ellie gravity lioltle and lake the weights 
in graina Tliia givea the ap gr without 
eiileuhition ft alao eeonoiiiiai-a time in ilia 
tilliition, eoiii|Mied with wliiit la leqinred 
hy the uao of a ItKI ee laittle, aims' in the 
former eiiM- it la only iiiss'asarv to iliatil 75 e e , 
whilst lit least I It) e e miiat Iw iliatilled 
if the lacgiT bottle ia used For msosional 
ri'quimnentn. however, iin onlniiirv inn e e 
or 50 e e laittle with gram weights is perfeetl,v aatiskietorv 
In uanig the bottle form of pyknonieter, the liquid to Iw teatisl 
ia tint brought iia nearly oa praetieiilile to the stnnilanl teniiHsiituie, 
and the bottle tilled nearly to the iieek with it A si'iiaitiie ther¬ 
mometer ia then inaerted, and the liquid broiiglit emietly to tho 
standard temiwratiire by placing the bottle in an iee-bath, or by 
warming with the hand, aa may be requlnsl; the liquid bring stirred 
fniquently with the thermometer The latter ia then removed, 
tho bottle lillisl up to the lop, the stopper inserted, exeras of liquid 
at oneo wiped off tho top of the stopper, the bottle carefully dried 
externally with the balaiire-rlolh, and weighed. 

Hie specifia gravity having thus been determined, the isirre- 
sponding iiero-ntago of alcohol is obtained by reference tn a suitable 



Kii. 34 olimavRV 


rvkanwKThli 
With ftumiiT, 

rh iiHpfl lor ailiilKtIiMri* 

UlllMtittllH 



ATiODROLOHETRY 


SU 

table Tlic one a|i|«-n>lc'(l (|i 3:17) ih nbridi^il tiiiiii ciDicial liililva 
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rr|)nHlun'(l here bv ixtiiiishhiii nf llic ('iinlinlli'r nf il M iS|a(ii>ii<T\ 
ODice 11 u baaed u|H>ii a ean'ful leriMon (if (he n-Hiilla nlitained 
by MendelirIT, the Kiii.serlielie Xnriiiul Kieliiiiii's Kdiiiniiiwiiin, 
lUiiKden and (iil|iin, and Diiiiknnter. it la la'lieved tn Ih' line nf 
the niiial iieeurate and truatanrlliy nlenhiil lidilea in eMsIenee The 
reviHiiin uaa earned nnt at Die (iinemnunt lailinrntiily, Unidini, 
iiiidiT tlie auH|)ieea nf Sir VMuard Thiirja'. aim ana at that lime 
the (iriiieiiad eheiiiial uf the hiliiinitnii 
Temperature-corrections. If fur any reamui the 
.((M'l'ilie f!r.irit.\ nf the iilenhni la nnt taken at the atandaid leiii|H-rii 
turn, it is iieeeaMiry tn nieliide a enireet nii tn enni|M'naiite fnr the 
deviatinn The enrreetinii la fiiealei at hiiiher stieiiutha than at 
tnaer, aa adl be Been frnni the talile ({iveii la-lna, ahieh ia umsI in 
the fnllnaint; manner 

The diftenmee Imtaenii the atamtaid teiii|ieiatiiie and the actual 
teni|H‘rature nt the nliaervatinii la niiilli|ilied liy the t<ii|ini|iritite 

taetnr, taken fniiii the table If the neliial ... higher 

than the atandiird, the |inahiet M .ntded tn the nbaened ajieeifie 
gravity , if it la hmer. the iimduet la Militiaetisl Tlie mill 
Ihruughnul la water uf the al'iwl'ir'l tem|aintiire (tKI K) 

Tim.. II MPUUl'i ll'. I ilina'ilnsi 
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Eumplo;—At the temperatura 65° F., the sp gr. o{ a apecinnen 
of diluted alcohol ia 0 MT5, referred to water at 60° F as unity. 
As this lies Iietween 0 946 and 0949, the appropriate factor is 
0 00036, and the correction is .5 x fl 00036 = 
00016. Hence the sp. gr. of the sample 
at the standard temperature, 60° F, is 
0-9475 f 0 00t8 = 0-9403 
Had the temperature of observation lieen 
65° F. instead of 65° F, the produet 
00018 would have betm itibtraetnl, and 
the sp. gr at 60° would then have been 
09475 — 0 0018 =-0 9457 
It may bo pointed out that when- the 
greatest ai-curany is required the teni)STature 
of the spirit must Iw very candidly adjusted 
in taking the spcciOc gravity For ordinary 
purposes it suflices if tlie sp gr. is rorrert 
to one unit in the fourth place of diH-imals, 
which eoiresponds with about 0 1 per cent, 
of proof spirit. To obtain a n^sult eorreet 
to one unit in the tifth plare of decimals it 
is necessary to adjust the temperature to 
0 01° C. or 0-02° F., and in general for 
fairly accurate work the temperature of 
the aleohul should bo correctly adjusted 
to within 0-1'° F. This is requisite for a 
result accurate within five units in tlic bflh 
decimal place of the siweihe gravity, com-s 
roRMorrvKKoxKTKR. ponding With abmitOCMiprr cent of proof 
wiiii imiiii.i-ls thwM). spirit Stt medium and lower strengths. 
tuiK. When special accuracy is required, the 

desired tempemture should be obtained by 
means of a thermostat, mid the form of pyknometer employed 
should be one in which the level of the liquid is adjusted to 
a mark on the neck, not the form with perforateil stoppra-. 
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070 

047 

211 

0 81708 

319 

7H 

(iH.'i 

2()2 

0 84831 

40.4 

0 8300. 

123 

074 

7» 

14:1 

on 

:m 

1.1H 

720 

277 

0 H2H27 

Htl 

107 

0 H4772 

344 

0 8.1011 

473 

029 

578 

HI 

(1 H4IIA0 

.12.) 

(HiO 

004 

224 

0 82780 

329 

H2 

70i 

277 

1) 83848 

415 

0 82074 

.130 

079 

HA 

453 

02K 

.199 

4(44 

724 

279 

0H1828 

K4 

203 

0 83777 

348 

0 82913 

473 

027 

.176 

M 

0113951 

mu 

093 

600 

220 

0 81774 

322 

IWi 

097 

271 

0 H2840 

405 

0 8190.1 

519 

067 

K7 

441 

014 

.183 

148 

708 ' 

202 

0 80811 

HH 

181 

0 82754 

323 

0-81888 

448 

003 

.1.12 

HU 

0 82919 

492 

002 

020 

180 

0-80742 

291 
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Dkvmitt (iv ri:u rc) or Mf'CrrHis m i.riiii. unoioi \ni» 

M(ll‘l< Hint 


IN'i init 
.iIi'iiImiI 

• 

III 1 
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J4I’ 
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41 N.*ii:)i 

II 

II >1707 

!H 
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IIJ 
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. IlNM 

-M7 

»» 

(lMl4.1f»l 

[ 4l:i 
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tit 

AIII 


711.1 

tiri 

J7H 

41 N4IH.'iJ 

1J4 

•Hi 

0 NIMMII 

r»4>(l 

1.7*4 

»7 

441IH 

-*7| 

II 7<IN|li 

UH 

.‘lllll 

II 7IMI7.7 

.117 

Wi 

mil 

1170 

21.7 

iOl) 

41 7|l7Ht 

:4i>0 

41 700.74 
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41 Hl.i4ii 

(1 H4I022 

II NillTH 

II 'b4l(l2H 

IMII 

41.1.1 

211 

» 707141 

1) H4II1J7 

.7141 

II 70011 

401 

.110 

111 

41(40 

2211 

’*7 * 

(1 70H.1.1 

m 

41 7N017 

II 70001 

.'i.l.l 

111 

44741 

74HI 

271 

0 7KSI1 

.INN 

111 

iiTNOM 

.112 

Kill 

117 

14*44 

217 

41 T7*l4l«i 

U 7I4HI4 

.7H2 

41 77010 

.1117 

.llN» 

4171 

4411 

2(11 


Kor rvamiiiinf; vers diliitr iilrnlio) Miliitioiis iii thr Uu* 

lolliruin^ liibir of lilt* " ilniMU " III It2 .'i (' ( iHl.'i Kjolsnlii- 
liohh ronliiinin^ 0 to I 0 {mt (ont of iilroiiol hi iiri^hl, iimv hr 
IoiiimI It Is (liir to \ K iloM'|ili •niii U X Ihir ’ 


Mruhol 

|K‘i n’lit 

h\ 

0 n 

OL* 
n I 

II i> 

n s 
1 0 
I J 
J I 

1 ii 


* Dt'iisiry *' 
iriiiiii pel (' I 
III ;):! . 

0 tMMN'l 

0 nil4.')l 
41IMIMI 
0 
41 

41 tlllJIM) 

41 IMIJIil 
41 

41 »!HKI> 


hiniTiMii i> 
Imi 

II prr 11 lit 
ail 
111 
.'IS 
.ill 
US 

.47 

;4i 


Thf'n- lire tliiir iiii'tlicnls in iim' lor i'\]in'><i<iii); llir |K'r- 

ll■ntllgt■ ol nlioluil III ii lii|iii(l (I) |H'n'<'nlii)!(' ot iili'oliol li\ noii'lit, 
(2) |ii'n'i'iitH);i' of iilcoliol liy voUiiiif. iiiul (II) iN-iiTiitii^i' ol fumf 
a/iinl by volume The lii-t nietlnxl is the Ik's! for eeieiitilie [iiirjioM's, 
1111(1 III )teneral for imseelhiimnis iiniiUtieiil vork, when' often aleoliol 
is only one of xeiernl ingredients of ii mixture the enmiHwitioii of 
which is minired lint the mh'uiuI nietlnxl is by fur the most 
nmveiiient when iileohohe lievemges or s|Hrituuus lutslieines are 
(sinix'rned. and Ixith in this country mid on the Continent, when 
“ iKTcentugo of ideohol " is statnl in (xiums'tioii with wines, s)iiiits, 
etc, |H‘n'entiige bg wlume is generally undcrstixxl, unless Ihv 
isintrary is slated or obviously implied To obtain percentage liy 


> J. Sue Vktm hid, 11114, Sa, ODI. 
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i( i <4 n(HV!<hai\ lo (aIm* IIk* kintiIk univi(\ i>f |hr‘ IhiiiiiI 
oxanunHl, f>r to llir lii|iiui oiii nnd olitaiiinl, tiu* 

|M‘ii‘cntA|;o hy iiu\ lie iiiihliNiiling unit's" UM'tl dirt'fiilh 

Ktir i‘\Aiii|)lt‘ two s|MMimi'iH til unit'iim\ tontain i(li‘n<i<al rtinounts 
(»f iilt'ohol |M‘i liln', hut (‘\|>risH'(l as |M*nh\ tnitfhf IIm' 
«|ii«iiititi(N in.n Ik' apiiirt'uhh (lilTcicnt oiiolrtMii tin* otlifi. Ih'imust 
out* uiiio iim.\ lio swi'ftfih'il and tlii' ollit'i not Tht* suorlfiii'd 
witio ht‘111}; lit'aMfi' than Ilit* othoi tsintaiiis a smalltT jR'n'rtitatrt 
t>f alcithol hi/ imi/ht, llitatijth a litn* of oat'li <*oiiti(ins thi' sainr anitaint 
lh‘\oia^'s and s|iirituoiis ini'tlicinfs hnii^ almtist iiiMiriahK 
iisi'd nioasiiii'il naii|Mrnl. and n'frtnd to in loMiis of tlicir \olniiit's 
and In'iiii; of widt‘l\ dilTaitnt tlotiHlirs a tiiioridca of tlifii icialito 
altttliolic (tiriti'iils Is h\ t‘\|Ht‘ssin^ tin* liittiT as |K'nrnta^a' 

hv \oliiiii<‘ latluT than h\ uoi^ht 

For loiiiiiii'Mml and listal |)ui|nim^ in (his niiiiitiv houi'tti, 

pioot spirit ' Is (Ilf milt of >oInitii‘ toi alf'ohol Thai iJiis is mi 
I s, fioin sonif points of \ifu a pi(\ 'Hif nsr ol tlit' It'fiii. and t>f 
il't adjuiifts "o\fi pitNif' and ^ iiiidor pniof,* m M.iifiisiiijL' and 
tiiinhcrsoiiir* Ihit it has Imi'ii so [oiij; in fiiiplounfiil, and is so 
miK'li intfiMoifii with tiiolf pnotit't's, (hat a ihan^a* to tht' Hiiiiptfi 
iiifthtNl of rNprossiii^ aholiolu' stifiiuth h\ nifaiis of aliofiol p(‘r 
ifiilafTo woiilil mitloiihtfdU uiiim' soiioih iik oii\<'iiifiifo It liilist 
I •* taii'fiilK hoitif in iiiiiifl houfVfP. that although prtMit spirit “ 
ti I iiiiiioloK\ Is (iiiiihfisoiiio. tht'it* is no loss of sdfiitilif picfision 
III adoptini! a thluttHl itlrohol as unit, iimti'ail ol ahsohitf aholiol. 
so toinr as tlu' unit is pn)|a‘il\ tMimsI t)ii tho tonliar^, thorf is 
inoif atruraiN hftaiist' tin* diliittsl altolml tun In* dftiiii'd Iin iiifaiiK 
of its s|MMilif )!iaMtv to anv tlfjfns* ot jins’isioji mpiinsl. uliilst 
(In* ovat't spt't'ilit' L'nuit} of ahsolutt* altohol in u inatItT of soiuf 
tiouht In (his (siniMM'tioti it la of intort'si tn f(notf from a n'jmit 
math* III 1K3‘I In a ('oniniittts* of the l’o>al «StKi(*t\, who had hcfn 
askfd hy tho Trrasury lo adiiNi* tlifin tm tin* mihji'ot of aiiirit 
laluation for fiscal ])ur|ios(SN 

"With rt'^anl to the snliNlanti' aholiol, u|Nin whii'li Hit exeiH* 
dull IN to Ik* Ifviisl. tlit'n* ap|K*ant to Ik* ho n*ason. (*jtht*r pliilo- 
Nophifal or ]iiarti<'Al, why it should In* i'oiiNidfn*d as almolutt* A 
dohiiitr mixture of alcohol and water is an invanahle in itn value 
as alMolutc al(*ohfil ean Ik* It is also invanahle in itH imtun*, and 
ean bo oioro rcatlily and with etpial Herurary ideiititinl liy that 
only quality or (smdition to whit'h recourse ran In* hatl in pmctiee, 
namely, apecifir gravity A diluted alcohol in, therefon*, that which 
m recommended hi us uh tin* only (*z(iNah]e Hiilmtams* ” 

The legal dofimtiun of proof Hpirit' ih given a little later on. 
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Hydrometry. -Widiw rough-and-rrady nwthoflii for trying 
tlip Htrrngth id '' wyun rilae " wcrr prartiml in hygonr tiinPH Tlip 
propiTty id inllaininaliility wuh rarly made iiw of for thia pur|)osf 
A ])iPii‘ id cloth wna moiHtcncd with the upirit, and a lighted ta|irr 
npplicil; if the doth ignitnl the apirit aaa ai/«a vilae rtrlifimla. 
or alroiig apirit Another teat waa made by |iouring od into tho 
apirit; if the latter aero atrong it forincil a layer on Uie aurfaee 
(d tho oil; if weak, it reated henealh the oil Daail Valentine, in 
the fifteenth century, judged the atrength of iw/im rilaf by igniting 
a i-ertain voinnie of it, if the wliole burned anay, it ana pure 
apirit; if more than half burned oft. the apiiit was atrong, if leaa 
than half, it waa weak. The well-knoan gun|aiadei " pnnd'' 
ti'at waa n]iplied liy moiateniiig a little guii|aiwder with the apirit 
and applying n light, rapid eomlmation implieil “high proof” 
apirit. failure to burn, or burning only with diftieiilty. nidiented 
weak or under prinif apirit The forniiition of bubbles or " Iwada " 
when the apirit aaa ahakeii in a ginaa veaael. and the length sd time 
during which the biibblea iK'raiatisI, gave to a pi.ictiaed olwcrier 
a rough idea of the atrength of a spirit, and is a test soiiietiiiiea used 
for this ]iiir|aMe even at the pnneiit time 

With the inen'iising iiii|a>rtaius' of a|)irit tiiMition, howeier, the 
mssi for more aiitiafuetory methiKls of evaluation lassinie linin' 
and mon- ap|iareiit Touanla the close of the aeventis-iilli lentiiry 
a good disil of attention was given to the ipiestion of obtaining a 
form of ” imsimeter ” or hydrometer suitable for testing spirits, 
ns tliu urn- (d this iiiatmmeiit ap|H-nml to pnunise a iiietinal easy 
of application and lueiirate ni nsailts Itobert lioyle. in Ins studies 
u|sin the pro|a'itieH of Ihiids, np|H-ars to have Iks-ii the tirwt to apply 
the principle of the hvdroineter to thi' testing of distilled Inpiois, 
and a description of his mstruinent (' Ibnle's Hubble") apis-nrs 
111 the l‘liilumi)hinil Tinnmfliimn of the koyal Sis’iety for IIIT.'i. 
I’epya, however, mentions having Msm the nistnimeiit, “n glass 
bubble to try the strength of spirits with.” some eight yisirs earlier. 

Ibiyle's hydrometer, like all hydrometers, was an applieation of 
the famous principle of .Vrehimisles - a Imdy iiiimened in a liquid 
loses a fiart of its weight isjual to the weight of the diaplaeed liquid. 
It was roniiKweil of two glass bulbs surmounted by a glass stem ; 
the lower and sinaller bulb eontaini-d mercury, the larger contained 
water; these liquids si'rverl as Imllast to maintnin the instrument 
erect when in usi> llaced in water, it sank only so far as to cover 
the biillis, loaviiig the whole id the stem exposed. Ilai’od in strong 
spirit, it sank till only the top of the stem was uncovered, Placed 
in mixtiiics of spirit and water, it sank to intermediatr positions 
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dt'pi'nding on the ptopartioiw of the two initredientti Tlie larjter 
the pni|iortH)n of apint, the deeper the “ bubble " mink 
Later, the stem of the areometer woh rougidt griidnate<l hv ineana 
of “ binall bits of glBSH. of different eoloun. sluek on the milside " 
{Phil. Trans, 1730), or it wa* niorkerl off into degrees by lint's; 
^o forms of the instniment were intnKhieiHl with an uttaehment 
at the base on whieh diffen'ut weights eould h(> hung or serewed. 
Tliese weights gave the hydrometer a greater rangi> m use, sinee 
they allowHl of the total mass of the instrument being varied. One 
form of hydrometer- Clarke's used in the Rxcise about the year 
I7BI. was provided with speeial " weather weights " for use when 
the weather was “ hot." '■ warm,” “ void,” and no on, thus intro- 
ihiemg a rough isirreelion for variations of sjH'vitie gravity due to 
ehanges in t('ni|)eratare Tliis hydrometer, monsiver, was made 
of eopper, instead of gla>si. woisl, or iiori ns in the earlier forms. 
There were tlms' marks on the stem, one showing " jirisif " stiength, 
the others one-tenth under pniof and one-tenth over ]iroof resjieu- 
tively (i e . Ill |X>r cent over or under prisif) Clarke's methods, 
however, eventually beeanii' very rumhersoiiie with their unwieldy 
notation and their iniiltiplieit.v of weights to meet different rr<|iiire- 
meiits and in 18111-18 they wen' siiperseiled by the Sikes's system, 
vvbieh is still euiploy(>d for timal )iiir)Kises in the I'nitnl Kingdom. 
On aeeouiit of the im|idTtance of Sikes's method of assajing sjiirits 
it Miiisl be desenbwl at a little length 
For some years previously then' had las'ii dissatisfaction with 
the iinss'ssi's in use for delerniining the nnuniiit of duly pa,vnble 
on spirits, and the (lovernment of the day had applied to the Koyal 
.Society for assistanoi' in the matter Tlie Secretary of the Sisiely, 
Dr Chas liiagden, assisleil in arranging ex|M'rimriits for the eliieida- 
tion of the (|iieslioii, and in 179(1 )iresrntrd a first “ Report on the 
best inethixl of pruportiomng the Rxeisi' on Siiintnons ]ar|Uois 
It was rw'opiised that “ no method can Ix' aeiurate except one 
baaed upon apocitic gravilU's," and the expenmeiits eonsiH|uently 
took the form of determining, as aeeuratel} as |XMsiblc and at a 
numlier of different temperatures, the apeolfie gravities of a long 
series of mixtures eontaining known weights of “ alcohol" and 
water. Dr DoUfusa, a Swiss chemist then in l/mdnn, began the 
experiments; but he being called away, the work was entrusted 
to George Gilpin, the clerk to the Society, who in i79A presented 
the results in a set of “Tables for Reducing the Quantities by AVeiglit, 
in any mixture of pure Spirit and Water, to those by Measure; and 
for Detcrmiiung the lYoportion, by Measure, of each of the two 
l/mi’nlM, 1700. 80, 321. 
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iSiilwfiiiil'cH III siii-li Mixliin's Thcw' talilfn (if (iiliiiirh »(■«> 
iiinHliiii'tiil with |{n'ii( can-, aiid arp notahlc an b<>ing Ihn finit 
aliiihiil lalilcM Ilf n-awiiuilili' airiiracv and (’(iiiipn'hiMinvinK^a. 
Tho*' alcohiil' liiki'iiiiHli.uii'ihiul tlii‘a|Hi'ilicKravi(y at lid ' P /IX)' K. 
Ilf dX'jrd't. aliicli miiild ciintnin HKnT4 ]a'r cpnt )iy uciglit nf 
iiliMiIutc nli'iilidl 

^ (iil|iiir<i uliiiliiil tallies and Rlagden s 

iS'iHirtH U)xin them had Imssi |iid)liahed sunie 
team alien, in IHtU, iiiipnired liydmineters 
■Hill iiielhiala iif apirit aiwaying aere inipiinsi 
for hy the Tnsiaiiry, aim ap|xiiiiled a M ien- 
tilie eiiiiiinittis- In adjiidieale iipnii the 
prii|Kisids Hiiliiiiilted They w'leetisl the 
iiistniiiient and tallies tendered In Knilliiiln 
men Sikes aim is Is'lieiisl In linie Iss-n 
at line time a .Si'in'liiij iif Kxeise It is 
leiisiiiiulile til e\|KM't that in einislriiiling Ins 
tallies Sikes nniild avail himself iit (lilpiii s 
lisiillts. thiiiigh tills diH's lint np|ssii In lie 
kiiiia n tiir eertnin 

Sikes's liwlnimeter eniisisis iit a gilded 
lirass Inilli. I .i inches in diamelei In the 
hntliim (it ahull is allivisl a simrt. l.i|H-iing 
riiil ending in a ts'ar-sha|Msl eniiiitei|Hiise, 
aliilsl (III the tnp is a thin stem nf ns'tiin- 
gnlar sis'tmii 11.1 inelies long, nmrkisl nil iiiln 
Id is|uidistanl spiKS's nr “ degiss-s ' Kaeli 
I ilegiee is snh-dividisl mtn tiftlis The 
degiees me marked fmm d tn Id. I.egininng 
at the tnp nf the stem, and are nl arhitinrv 
lalue that is. th(‘y dn nnt hy themsehes 
e\pnw the stmigth nf the spint nr ita sjus'ilie 
gmiity. hut arc enirelated aith the tallies 
supplied a-ith the instrument The readings 
nil the stem an' eallisl the " Indieatinii." and 
(sirrespnndiiig with each jndieatinn-iiuiiiber 
the tables show the stmigth nf the spirit 
testisl. m terms nf “ prixif." “nier pnxif.' nr "under 
pnxif" With its lO diriaioiis, each haring .1 sub-dirisions, the 
instniiiieiil gives lid mdiratinn-numlx'rs. naiiiel.i 0. U2, 0 4, 0 6. 
and so on up tn Id 0 At the tempemture Wl° K, thesi' indications 
mrraspund with strengths of spirit from 67 0 over proof down to 
• Phil Tiam . 17114. M. |>t 2. X.\. 
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•)K 2 n\rr pitKif Knr luut‘i htrciigtlin thtiii tIu'M* tlu* inMninirnt is 
tcM» hfslil It uiH nut Hink 111 tln» McjikiT, aiul thwfun' Iiohmit. 
alfuhol T(i iiM*t‘t tins ilifticully, an* wliirh n*st 

on tho <‘ount(*r])ois<' uiioii in um‘ iiml nn* Dirn'fon' iiniurrxtMl in tlu* 
liqiinl trsti'f] Xtno such uoi^hls nn‘ niiinlicrt'il KK 20, 

.‘|0. iiml so on, up to iH) 1'hcir \oliiiiics mid niASM'K art' so ndatcd 
to thosi* of the h\dnHnc(er lli<il tliev tiimisli si (‘onlinuoutt M'rieH 
of indiesition nuinU'rs, aK{;r('^l]nK oOO for tlio whole ranps mnl 
iillowiiii' of the mslninient huing used for tin determination ot 
iileoholie stnai^ths ranging fnmi 70 o\er ))rout down to >n/. 

Ill adddioii to the nine wenihts. a bniss cap is supplied which 
lits on to the top of the stem ot tin* li\di'oiin>ter The weight ol 
this <'ap Is e\actl\ one-twelfth of that shown li\ the instniineiit and 
the weight N<i tiO taken touciher If this oip is placed on the 
iMsIrumeiit. together with the wei^dit 00 it will sink the Indinineter 
III distilhnl water at ol ' I*' down to a feitain iimik on the stem 
.it the diiiMoii <I H that is the'* induallot! ' showii is OO K This 
Miaik IS ealhsi the ‘ prool niaik '* If the (>ap is n*mo\ed, and the 
instiiiiiicnt with wei(;ht tiO ]ila<e4l in /noof ftpnij at ol' V, the 
indieatiuii will Im* loiind as hetuir \i/.. 00 S, M the K|^ine \ohiiiie 
of ]ii|iiid IS displaeed in the two ex|M*iimentH, hut. the weight 
siip|M)ited III the si'coiid <‘ase onlv | ,<jtlis of that in the first, it 
foliiiws (hat the deiisiti of the pioofs]iiril at ol ' K is | ‘jthsof that 
ot water at tin* same tem}M‘iatnie 
The oidiimi> Sikes .s li>dn»meter < aiuiot lie used with \erv strong 
spuds nj those of strength u]iuar<lh oi 70 o p ( 00 05 jM'r <ent 

ot iileoho] hy volnilie) It has thendoic iieeii supplementiMl h\ a 
sinallei nisiiiiment of similar design known ns the * liglil li;idio 
meter' .or the \ " instiuiiietit This extends the range up to 
75 5 op at OO F. eornNiMiiiding with OK (4 jfKT leiit of aleoliot 
hy volume, and u]i to 74 0 o p at ^)0 F 
Proof Spirit. This w. legal!}, spiiit of the streiigtli denoted 
Us ])niof hy Sikes's hxlrometor Another legal deliiiition tmik<‘s 
jiniof spint ‘that wlneh at the tein)ierature iif 51* F weighs 
exaelly j ‘‘{th (larts of an eifual measun'of water ” This niniter is 
dealt w'ltfi more fully a little further on Meanwhile, it ia convi^nient 
to state here wdiat has been found to be the exact t*ompoHition of 
pixiof spirit, with a few brief histoncal notes. 

In (he year 1H47. Dnnkwater, who was then a student at Tni- 
versity College, London, and subHei^uently b(s*aine a Ckilleetor of 
Kxciae, published the resiilta of a very careful investigation whieh 
he liad made upon the eomiKiaition of pniof npint.^ He pn‘iNin‘d 
1 rhii isia, St 1^3. 
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alciihnt OH lu'urly inn from water as ho eoulil get it, anil concluded 
that “ the nuinlier 0 7H381 PX|)iesiieH the Mini'iiic gravity of absolute 
nlcohiil at fM)'’ F within a very close degrei' of appnixiinatiun.” He 
then pn'imml [iniuf spirit otTording to the above definition, using 
this almolutc alcohol, und concluded fniin his experiments that the 
pnxif spirit conaistcfl of 49 24 per cent by weight of absolute alcohol 
and 50 7H iwr cent of water, that its s|icriiiu gravity at 60° F. was 
0 01984, and that the strength of the absiilute alcohol was 
7,125 degrees over pniof 

>Suhaci{uent work has only iiiiMlilicd Dnnkwater's ligures very 
slightly Acisirding to a careful n-vision of data ImisisI n|Mm the 
most trustworthy published results of si'vcml investigators, the 
specific gravity of pnsif spirit at 60° F. in lur, is 0 9l!l7li. water 
at the same teniiwrature being taken its the unit of n-fcrence FriHtf 
spirit eontains 49 28 iwr mit of alcohol by weight, or 57 10 )M'r 
cent by volume at 60° F. 

The talilo on p. 2117 shows the ]ipn-enlagp of ))roof spirit eorre- 
s|Kindiiig with each integral indicatiim-digns' of iSikes's liyilnimetcr 
at (Ml' F The coiniilrtc tallies, which ate published iii liisik torm, 
ate arrang()|i for isu’h degns' of ti'm|H‘ratute fniiii !I0‘ F to IIH)' F, 
and for each fifth of an mtegiiil degns' ol iiidientioii 

.V s|HS'iinen of the tables for thns- diffcn'nt temia'ratimsi is hero 
udducisl 


Sl'KIlUBS UP HikSS's TMICSS SIMHITS \T IlIPPKIlfcSr TI.MI'I.Hlieilbs. 



fiir K 

(K) K. 

70 K 


INt «°nt 

IVf <rhl 

IVi ff'iil. 

iiuIk'hIiiiii 

ii\iT jirotif 

pitHif. 

iiiiiiorprtMtf. 

M 0 

10 

14 15 

I 0 

•I 

i:i 

II 


•4 

4 0 

OH 

2 a 

|{ 


04 

20 

H 

.1.1 

0 1 

a.* 

oil 0 

ao 

f 'niirr ftrtnif. 
0 2 

.I-.! 


27 

0 0 

3>H 

•4 

24 

OH 

41 

•« 

M 

M 

46 


1°H 

14 

4°H 

600 

1.1 

1 7 

61 


All the strciigths aliowii at the Krst teniiierature (.50° F) are 
"over proof” (op); those at the second ( 60 ‘ F) are partly 
over anil partly umler proof; and those at the third are all " under 
pnaif ■■ (ii p.) 

If'an over proof strength is added to 100, the sum ropresenU the 
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pRIHIP sriltir STHlSKttril < OMKiesPUNIUNU WITH rUK l'<l>U'\Ttl)N'< OrSiKKH'B 
HMIUUMHTKII. <Hl’ F. 



OVIM 

liidiml mil 

0\(T 


priKif 


priHtf. 


LihIiI 

AV 

7*1 5 

(lMltiiai)i 

h\dii>iiicU‘t 

45 

107 


72 !1 

10 

1M3 

•1 

72 2 

47 

17 0 

ii 

71 l> 

4M 

15 0 

4 

71 0 

111 

II 3 


74) a 

.50 

12 9 

» 

(»<i It 

51 

It .) 

7 

IlH (1 

52 

10 1 

H 

t)^2 

53 

h7 

<1 

III 5 

51 

7.1 

nidiiiiiiy 


.55 

.5 K 

lixiliohH'ii'i 


.50 

1 1 

0 

lU) 7 

57 

2 9 


till l> 

5S 

1 1 


1)5 2 


1 )(■/( r fit 

ii 

t)t 1 

.nil 

0 2 


1)311 

Ml 

1 7 

■‘l 

1)2 H 

ill 

3 3 

It 

1)1 •) 

112 

1 K 


III 1 

03 

0 4 

K 

1)11 2 

III 

H 1 

II 

’)»a 

05 

9 7 

1(1 

5H t 

Ml 

II 4 

11 

57 It 

07 

13 1 

\‘l 

5117 

IlH 

149 

i:i 

55 7 

00 

10 7 

It 

51 K 

70 

ISO 

15 

.VI H 

71 

20 5 

11) 

.52 11 

72 

22 1 

17 

51 11 

7.1 

214 

IH 

.511II 

71 

20 1 

Ml 

I'lll 

75 

2s n 

Jll 

|N!I 

70 

30 7 

21 

17 '1 

77 

32 9 

•11 

11) H 

7k 

35 3 

jii 

15 H 

79 

37 7 

Jl 

It 7 

Ml 

10 3 

25 

Mil 

hi 

42 9 

2r> 

t2 5 


45 7 

27 

41 1 

03 

4H 0 

2>t 

40 3 

HI 

51 7 

2il 

am 

05 

51 H 

31) 

3H (1 

00 

.58 2 

31 

30 0 

1 

01.5 

32 

35 7 

' 08 

05 0 

33 

.14 0 

1 MO 

084 

34 

33 4 

m 

71 0 

35 

32>3 

! 01 

75 2 

3» 

310 

' 92 

78 4 

37 

29 H 

93 

Ml 4 

3K 

2K.5 

94 

84 4 

S'! 

27 3 

05 

M7.3 

to 

200 

00 

ilO'O 

41 

210 

97 

92 0 

42 

23 0 

OH 

9.51 

43 

22-3 

90 

97 0 

44 

%1'U 

100 

1000 
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vdIuiiii- of Hjiirit ut |ironf Htn'iifEth utiicli l(K) \oluiiifh of spirit al 
Ilia) iiarticiilar over-proof atreiiRlh would make 
If an KBi/rr pnaif H(renf;th ia nuhtnifled fnmi IdO. the n'liiamiler 
hIioivm the volume of proof apint wliieh la eontiiineil m KMI \oIumea 
at lliiit (Nirtieular iinder-pnaif Hlren)^li 
The auni and (lie remainder ahou’, in faet, the |aTienla);es of 
aleohol, ealculated aa proof apiril, in the atniiiKer and the veiiker 
apirita, rea|HVlively Kroin this it la eaav to lind the eipiiiiilent 
pnaif ipianlity of any ({i\en volume of ovor-pnaif or under-)>na>f 
spirit 

■Siippiw. for inatuiua>. that «e have 120 |;allonH of apiril .atieiiuth 
li .1 0 p Then (he equivalent proof Kiilloiia are lllli o jier eeiil of 
1211 lINk^ ■ 1311 -137 H pnmf gallons 
If (he atn-nKlh had las'ii lid amfir priaif, the ei|ui\nlenl pioof 
!'■llIoMa uoiild hate Ik'i'ii . !KI d |H‘r rent of 12(1 IIIKId 120 - 
112 3 

Sikiwa lahlea are ao eoiialruetial aa to alion foi a >'i\en spiril, 
the aame atreneth al whatever tem|M-raliire (wdhiii (he limits of 
(he lahlea) the aln'iiKth la taken A spirit, for iiiatanee, wliirh 
showa 02 0 over proof at 00" K will allow the same aln-iiKlh at 
lid"’ h', (hou)'h ila inrlmliou will Im' difi’en'iit This, no doiiht, 
was often n loiiveniems' to revenue olliis'ra in identiivmi' spirit m 
trnnait with the pnrtieiilura fiirnialied on ita |H'rmi( ' 

Theie IS. however, one defist of the ajatem It fads to lake 
ms'oiint of the ehaiiKe in volume due to niterationa of temperntiiie 
h'or evnm|ile, 100 f;nlhma of pnmf spirit at 00' h' would lassime 
lot) ."i KivlloiiK at 70"' h' , hilt iia ita ulnwjth ia atill ahovvn ua ‘ )n'oof." 
the (piantity of spirit on which duty niav be leviisl is (tmiter Ilian 
hefon', (hou)(h (he nctiinl quantity of alcohol la the same t'on- 
veraely. at a lower tempcratun> the quantity chur|;isihle will be 
leas Tina error in the evaluation of spirit has never Ikm'ii pnividisl 
atiainat in this country, though proposals have been made to (hut 
end The dilTereneca which ma} ariae from this defect, and which 
will be aometimea m one direction and aonietiiuea in the nthei, am 
nut eonaiilensl to lie an great aa to make the question one of much 
practical importance 

Sikea'a table, it wdl be aren. expresses the indications of the 
hvdmnieler in ternia of alcoholic strength, not of speeilic gravity. 
The " iudieationa " themselves, aa already noted, are conalrueted 
U}am an arbitrary scale In the j'lovr 1833. however, a Committee 
ut the Knyal 8a<>iety, whieh had been appointed to inquire into the 
question of spirit valuation, reixirteii in favour of a hydiometer 
with a stem graduated in terms of ajievilie gravity at a given tempera- 
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tiire- -(i2 ’ F being ni'iiniinpiiili'd The huggeiitiiin « »» not inlo|iteiI, 
but, inHteail, u number of e.\]H'riinenta «ere inmie to ileterinine the 
apeeific gruritim whieh eorreniiundnl with the jiiibeation-nunibem 
of SikoH'M h.Mlnmieter, and the reaultx «en' enilioilied in n “Table 
for deterniinnig tlie Weight jkt gallon of Spinla by Sikea'a Hjdne 
meter " Tina table nas shortly afterwarda einbiKinal in legialatioii 
Buthunaiiig ita use in eealiiatiiig apirita, and Hill be found iia a 
aehediile to the Npirita Art, 1880 It iiaa rin)ilo,\ial bj ie>enne 
oflieurs in aaa'rtaunng the quantity of apirita in eaak by the niethial 
of neighing A reviaion of this oiiginal table naa piiblialual in 
lOlli. and ita uae la legalised by See III (8) of the Art !i & (I tiisi V , 
eap 80 The n-Maial table la repnalueed here for each integral 
indirulioii-niimlier the eoniplefe table iiieliiilea iilao the valiiea 
for eai li lifth 

UlKilll tip S|>1K1TS I'l R li\110N in tl\l>KOMnKK 



\Vi jifi 


\Vl pel 


\Vt i«*i 


W 1 |KT 


\\( |H‘I 

Uul 

UUlltlll, 

IikI 

KhIIiiii, 

\fu\ 

Rttlloil, 

liid 

(ruildii. 

llHl. 

tSttllixi, 


III 


III 


lb 


lb 


lb 


\ 

(liiliimiv 

Ihtliiiaiv 

Onliiiur}' 

(IrriiiiHty 

Indimiii'h 1 

(«T 


hvOninictvr 

livdrtiiiii'b'r 

0 

7 yii 

10 

b :iJo 

:i.i 

H7J0 

.70 

D 14.7 

70 

0 .784 

I 

HIHI7 

II 

.U2 

»4 

741 

.77 

104 

(40 

4H»4 

•J 

lli!4 

IJ 

:47o 

:i.7 

70J 

.7(1 

183 

HI 

4IJ4 

a 

010 

I.l 

:i7i» 

»0 

7H0 

50 

20J 

NJ 

043 

1 

0.77 

M 

MM 

•17 

7DH 

liO 

2JO 

83 

•002 

.*1 

071 

17 

411 

'IS 

KIO 

01 

23D 

HI 

OHJ 

li 

0110 

III 

4JK 

:iD 

H34 

flj 

2.77 

H.7 

70J 

7 

107 

17 

140 

40 

(b7J 

03 

J70 

844 

7JI 

H 

\2:i 

IM 

4o:i 

41 

(40D 

04 

20.7 

*47 

741 

‘I 

140 

ID 

4(11 

4J 

HH7 

0.7 

314 

88 

•74il 

10 

1.77 

JO 

4»it 

4'4 

00.7 

OU 

333 

80 

.7HI 

Ol.llMIlIk 

*JI 

.714 

44 

024 

07 

33J 

DO 

801 

IntliniiH (i 1 

M 

.ViJ 

4.7 

1142 

08 

371 

Dl 

821 

II 

S 177 

U 

.740 

40 

'BOO 

OD 

300 

D2 

HlO 

1 

174 

24 

.707 

47 

D7II 

70 

410 

D3 

84iU 

> 

luo 

2.7 

.703 

40 

9D7 

71 

430 

04 

H80 


:»o7 

2H 

002 

40 

DOlO 

72 

440 

03 

•0(N) 

4 

•lal 1 

27 

020 

.70 

03.7 

73 

408 

<NI 

OJO 


HI 

2K 

oao 

.71 

0.7J 

74 

1H7 

07 

•040 

1) 

2riH 

2tt 

0.70 

.»J 

071 

7.7 

.7041 

OH 

•<NI1 

7 

JTTi 

»0 

074 

.74 

OKD 

70 

.720 

09 

081 

K 


:u 

ODD 

.74 

lOK 

77 

345 

lUO 

10 001 

0 

.‘110 

»J 

7UH 

5.7 

120 

78 

585 




If the deeiinal |X)int be moved one place to the left, the niimliera 
ahoning Heights per gallon niil represent aperific gravitiea. 

The method of using this table is aa follows SuplKwr tlmt a 
cask has been weighed first empty and then when filleil with spirit, 
and the wiught of the latter thus found to be 600 lb ita indica¬ 
tion is, say, 7 0. Tlien from the table, the weight of the spirit 
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per gallon is 8 273 Jli. The volume of the spirit is then-fore- 
(XK) - H 273 - 72'3 gallons Tht-sr hulk gallons, of which the 
stn-ngth is known from the indication and the tcniiicmtiirc, aro 
then runrcrhsl into the npiivnlcnt yronf gallons in the manner 
nln-ody shown Tliiis if the teinpemtnn- is HO" K. the indieatinn 
heing 7-0, the strength is fouiiil from the tahle (nn/e) to is-til I over 
proof Hie r<|uivalent nninlH-r of pnwf gallons is tlieiefore 181 1 jxst 
cent of 72 3, - 1188 

In practice, thn actual division (weight of spirit m Ih weight 
per gallon) is obviated hy the use of tables (Lsifliis's tables) which 
have Iss-n workisl out for the pur|Miso 

The legal aiithunty for the use of Sikes's hydrometer for fiscal 
piir(ioses 111 the Ihiited Kiiigiloiii is eontainisl in Sis' 1:4 of the 
Spirits Act, 1X811 " All spirits shall Ik- dis-misl to he ot Dm 
stn-iigtli deiiotisl hy Sskes's hydniiiietcr in iiissinliiiice with 
the tahle lisigisl with the ('oiiiiiiissioncis " |ol Inland Uemiiie|. 
.V'cording to Sir N llighiiion-,' the usi' of Sxkes's h,i droiiieter 
“ was esinhiislusi hy an Act of I’nriianient, .'iX (jeo It e 2X," passed 
on 2:inl May, IXIX (and known ns The 1 lydniiiieter Act) ft 
apiHstrs, liowever, that pn-vioiisly to this, in IXIIi. nn .\it had 
been imscd sanctioiiing the use of this livdroiiictcr and tables, 
and altliinigh it was n'|H-alcd b\ the .\ct of IXIX, it was nesertheh-iM 
iiii|xirtnnl ns containing a legal delinition of pnsif spin! The Act 
III qucslioii (38 (ieo 111, e I III) ns'ites that " an liMironieter liuth 
with gnsit can' hts'ii completed, and hath, li\ pio|H'r c\|H'rmieiils 
miule for the piir|sisc, Iss'ii ascertained to denote ns pnsif spirit 
that which at the tem|H'nitun' of ,11' Fahn'iiheit weighs exactly 
Ijlh )mrts of nil npinf iiiensim- of distilled w,iter and it is 
evixslieiit to establish the snmc in lieu of (1,irke's hydrometer ’’ 

This definition of fimof spirit is not in so ninny wonis n'-eniieted 
in the ,Vct of IXIX, lint this .\et dis'n'cs llint ' all spirits shall he 
deemisl and taken to be of the degns' of stn-ngth nt which the 
said hydnmieter, cnilisl Sikes's hydnimeter shall denote 
siicli spirits to Is-" (Sis' 2). I’nsif spirit is then-fon' what 
IS shown as such hy the "said hydrometer,'' mid the word 
"said" refvrw to the iiistninient dcscnlied in the 1X18 Art, 
There is (lerhaiM room for argument ns to the validity of a 
definition in a statute which has Iss-n reprahsi, so long as the 
definition lias not been expressly ro-rnactnl But there is no 
room for doiihl that proof spirit (in this eoiintry) is what is known 
os such hy Sikes's hydrometer; and so long as this inslriinirnt la 
cunstruetisl to “ denote os proof spirit that which at the teni]ieratare 
* Kjcfiw Ijiws** VoI, I, p. 310, 
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of 51° Fahr wpigha rxactly lith parts of an equal mrasMiv of 
distilled water,” flien> is no ambiguity about the s|M'<'ilie graMty of 
prtsrf s|ririt Or rather, then- is only one anilugiiily llie tem|a'ra- 
tiire of the water is not stated in the definition It was, however, 
stated in the tables published for use with the instniiiient as la-ing 
111° F,, and this remun-a the ambiguity 

As regards the table mentioned in See 134 of the Spints Aet. 
I88U, the statement in the Aet of 181H is as follows (See .1) 

“ And whereas the strengths of spirits denotetl by the said hydro¬ 
meter, ealhsl Sikes's hydrometer, aeeording to the teinia-rature 
tiiemif, have bei'ii set down in a table intituled ‘ A Table 
of the Strengths of Spirits, ilenoled b\ Sikes's Hydrometer,' and 
wliieli said table has bis'ii and is siibsenbisl by the hand of the 
Right llonoiirnhle N'leliolas Vansitturt. ChaiKs-llor of the Kxelieqiier, 
and ksigisl with the ('oininihsioners of Kxeise lor ICngliind . lie 
it therefore enaeted. that the stn-ngths of spirits so set down in the 
said table, shall he dmiied and taken to he tnie and just " 

It may be iiotisl that the s|H'lling ‘‘Sikes" useil in the earlier 
statutes has somehow got ehangisl to " Sykes " in the Aet of IttflO 

It may also he iiotisl that, under the provisions of iSeetion 4 of 
the l'1nan(S> Art, MNIT, the (toiiiniissioners of Customs and Kxeise 
may niithoriHi‘ by n-giilations the use of iin// means approved by 
them for asi’ertaiiiing the stnmgth or weight of spirit The legalisa¬ 
tion III the revised tallies now in iisi' is eoiitained in Si'e III of the 
Fiiianee (,Vo 2) Aet, ItH.I, and is as follows 

" (I). The revisisl and extendnl liilile. an iirigiiiiil eojn of whieh, 
niarkisl Table I (Spirits) has Iss-ii signed hy the I'hiiirman of the 
Comiiiissioners of Customs and Kx< ise, and dejsisitrd in the uniis' 
of the King's Ih'inemhranrer at the Koval Courts of •lustier, shall 
be siilislitiited, as the table to Ix' iisihI Iiv (Iflierrs of (Sistoins and 
Kxeise for the jiiirjiose of aseertaining the strength of spirits by 
means of Sikes's hydniineter, for the table of the Stiengllis of 
Spirits denoted by the said b>dniinrter wliieli is miuinsl to bi> usixl 
for the purpose by the Spints (Strength Aseertaininent) Aet, 1MI8. 

" (2) Where by reason of the high temix-iatiire or strength of 
spirits the strength of the spirits eannot b<‘ ascertained by means of 
Sikes's hydrometer, the strength may be oseertained by means of 
a supplemental hydrometer (to be called Sikes's A Hydrometer), 
a specimen of which, marked by the Chairman of the Commissioners 
of Customs and Kxeise, has been deposited in the oflice of the King's 
Remembrancer at the Royal Courts of Jnstiec, and by means of 
the use of the supplemental table applicable to tliat hydrometer, 
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un oriffintil topy of uliirh, niaik<'(l Tuhlo If (Spin(H). bus bmi 
hI^h] by Ibo (Iwiirinaii of the (VniuriiMMioiicrH and <le)M)Kit(‘(i m the 
same oIIkp 

" (')) S(M‘tu>n oiH‘ huiuln'<1 and fotirin'ii of tlio SjantH Ad, 
(whit'll H'tab'H (o (li(> uM'iTtaiiiiiiPiit by w'lafrliiiif; of thi* t|iian(it\ of 
Hpirits), .sbiill bt‘ t'oiihtruc'd uh iI fur u rfforciicf to tlu* Tabli* tbunin 
Mii‘fitiom‘<l tlioH' Hubotitutod q n^fi'niU'e to tho Tables, 

ail original cojiy of ubidi niarkoi, Tnblra III and IV, huH b<‘(‘n 
Hi^iU'd b\ tlio (liainnim of tlx* ('oininiaMOiU'is of Customs and 
Kx('isi‘ ami d(')Mihit<*d in tlu* OHuo ot tbi* Kinj^'s Upinoinbrancor at 
(hi‘ KriNid Courts of iliiHtu'o, and an if am n'ft'nmct* to I'ti'^kN iiicludiMl 
u ri'fiTonn* to othiT n*('i'|i(ni‘h*M 

Alcoholometry in foreign countries. In I’liinii' 

IIk' iisic'imiiii’IiI cif !<|iirit iliitics ih iiiiiilr' with the (i lil<'Siiiiul ali nlinlii- 
iiii'tcr iiiiil lulili'H (it (!ii\ Liumic. uhiili ilnir triiiii tin' ,\('Mr IH2I 
1'h<' riin);i' of the alcolKiIitiiicli'r (an'iiiiii-tcr, hjilnniictiT) csli'iiils 
fniiii " unti'r " to absoUiti' nicoliol, unil m ditKlcil into IIH) ilc'itn'c^. 
cucli (li'Kiii' ii'ini'Ki'tilinK I ih'I ernt of iihsoliiti' nkuhol li_\ loliiiiic 
ill the ti'iiipcmtuiv l.'> Tliiir M'|iiinitc iiialniini'iila iiii- used to 
cover tins riiiiKc One c.\tcnils fioin 0 to .‘lo , tlic iii-vl tioiii tl.'! 
t'l 7(1’, mid the tliinl from 7(1 to 1(1(1 If (he spirit tcsliil is at 
the tciii|«'nitiiie lo’, the readiii); of the nlcolioloiiietei shows (he 
IH'n'ciiliiKe of iileuhol In voIiiiih' dm'cllv ii leudiiif' ot 4(1. for 
iiistiiiiei', iiidientes that the a|iunt enntains 4(1 (X'r rent of iihohol 
Ii} \oIunir 

Kiiised to a tcin|H'nit(in' hijtlicr than l.'i'’, the spirit will exjaind 
mill liceoine li}(htci , the iileolioloineter tlieiefure now sinks liiillier 
Ilian bi'fuie t'onveraely. at a teni|H-riitin'e lower Ihiin 1.7 the 
iiiatmnieiit ilu-a not sink to so low a point as al IS” The n'tidiiiiis 
in such eases an' teinied “ apiniri'iit di'i'ires," and (jlii}-l,iissae‘s 
ehief tabhi {Tabic <le In futce itrlle den lii/aii/ts spirdarar) gives the 
true ix'n'eiitagrs of aleohol eorn'sisuidnig with these ‘ apparent " 
or " oliserreil " n'lulings The table shows iilso the eorn's|Hinding 
eunvvtiun tor the iliaiige in roliinie which the spintiious liiiuid 
has undergone witli the v anatioii of teiiipcratun' from the standanl 
The true quantity of aleoliol can thus be eoleulated 

llie alcohol used a.s the laisis for ronstmeting Gay-Lussar's 
tables had the s]Ka'itic gravity 0 7047 at 15”, n'femal to watir at 
the saniv h'lnin'ratiire as unit) In 1004, however, it was dis'ns'd 
that the graduation of aleoholometers should Iw boseil upon a new 
“ table of the densities of iiiixtutvs of water and absolute alcohol " 
drawn up by the National Bureau of Weiglits and Measunsi, in 



AtrOHOWMISTRY 


473 


TII 

nliii-Ii table tlir aperilir gravity nf the aloKiluti' ali'iihiil ih given 
as 7!)433 at In" in mriio, water ut the Mime tein|ierntim- being 
taken os IIKI 'I'he etln't ia t<i sliuw slightly lower rnliii's than thoM' 
of the ongiihil iiistniinents, sinee a given ]ier('entap> of the sthmger 
aleohol (sp. gr Il7!t433) is ispiivaleiit to a higher |H-neiitnge of the 
weaker alcohol (sp gr 1)7047) The niaainiiitii ihtfeieiiee is 
(I 4 IHT (S'llt 

With slight iiilaptations. lla.^biivNie's aleoholoiiieler anil tables 
are also used for lisciil piirpoM-s in Ih-lgiuiii. Norwav. anil Sweileii 
III S|i.iin both (lay-bussae's anil an earlier Kn-neli hyilroiiieter 
(Cartiers) an* employisl 

Tralles s alenholometer anil tables were iisisl in (ierninny ilnring 
the greater |iart. of the nineteenth iintiiry, anil the iiistrninent is 
still employisl oflieiully in Itiilv, anil isiiniiien.'iiilly in Uiissiii It 
IS 11 glass an'oineter showing ihn-etly the |H'ieentnge of aleohol hv 
volume in a spiiitnoiis hipiiil iit the stiiiiiluni tem|K'riiliin> t.'iti '. 
The alinhol taken ns iiiisis hnii the sp gr 1)71140 at 15 0 /I5 0 
Kill' Use lit lemperatill'i'S other than the staniiaril, tables weie 
siipplieil 

Tralles's svsiem Inis been supeisisleil in Cierniniiy by the ailo|iliiin 
Ilf an aleiiholiiiiieter grinlnateil to show js'iieiilnges of aleohol 
/■V ifiii//if at the stiiniliinl temperature of 15" 'Hie tables ailo]ileil 
an biisisl npoii the results of iMenilelis'lVs iiivestigntioiis The 
olhei il iiliolioliiiiieters an- maile of glass, anil iimtiiin ii Iheriiiunieti r 
III tlieliiwei |nirl, sotliat the one instillment shows both theteiii|H-ia- 
tiin' Ilf the spiiit mill its iiliohiihe stniiglh Allhoiigh the hitter is 
taken fii/ iniyAf. tor the pnr|Hise ot ehargnig duty the results me 
lonverted into volumes of absolute aleohol (ut ISO ) by iiieiins of 
tables wlneli show the nuiiiher of litn's of nliMiliite aleohol isiire- 
s|Kindiiig with miv given numis'r of kilogrmiis of the spint tested 

In what was toiiiierly the .Viistrian Knipin', Meisnei s meoiiieter 
IS iisi'il for the nssiiv of spirits It is mi iiistiiiiiieiil veiy similiir 
to that of Tralk's, but indieates |M'ns-ntiiges ot utisihol botli by 
weiglit mid by volume Tlie aleohol on wliieh the tables an' haseii 
has the sp gr 0 7lb5 ut 12 ,12’ Keuiiiiiur (I5°/I5' (') 

In Holland the oflieinl hydroineti'r is diivisnl uisin a diflerant 
plan from any of the foregoing The atein is grodualisl in hwins of 
the volume of the instrument Udowi the aero mark, eaeh ik-groe 
lu-ing one-hundredth i»rt of this volume The giadualion is thus 
not arbitrary as with Sikes's instrument, nor dissv it show ]icr- 
eentages of alcohol directly, like Uay-bussae's or Tralles's ulisiholo- 
nieter Tubk-s ara supplieil which eimvert the indieations ot the 
instrument into pcrcentn(pi of aleohol by volume at 15’, hut the 

T 
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standard adopted f(ir fiwal pharfp'a in n “ ]iroof ” ii|iirit. nhicli at 
lii° coiitaina .'iO jht rent liy roluiiii- iif almiliilc al< uhol 

A inrtal liydroiiii'lcr cNwiitiuliy Hinular to that (>f SiIu'H la um^ 
offiiially III Itunma It ia graduati'd, liowowr. in the rpMm- iiianncr 
to Siki'H’H inatrumcnt. water ta-inj; rrjiri-Hi-nti'd by n-ni i»i the Huwnnii 
hydriinietcr. and atninfi H|iirit by KNl Thi- zero mark, of (diiim', 
In at the bottoiii of the atcin Tmllea'a alcohol la taken na the 
atandard, the tablea iiai-d with the inatniinent hliowinf! |ieieeiitiif!ea 
by volume of tliia alcohol at 12,"' Iteaniiiur (irili" (') 

111 the I'nited Ktuti'a, the Ciialouia dutiea n|Kin apirita were at 
one time levied in ternia of nlmhiit |H'reenta|!ea, but objections were 
inado to thia on the liFoiind that it ilid nut (siiiforni to tiaih* iiaage, 
which waa to buy and aell in ti’rraa of puKif apiiil After imiuiry, 
therefori', bj a Coniiiiittis* appointisi m the year IHIiti to cvainiiic 
iiilo the whole qiieatiun of teatiii); ajiint atrcngtha. it was dis-ided 
that “the dutiea on all apinta ahall be IcvitsI accordinji to tbcir 
isiuiraleiit in proof apirit '' n'rallea's iihsihol was taken na the 
atandard. and tin- I'nited States pnaif spirit eontaiiia one lialf of 
its vohiiiie of tins alcohol at I’ltl" (iilpiirs n-Milts weic laijicli 
iiMsI in conipililiK the tables for use with the hyilioiiietcis. of whiih 
Iheni is a aeries covcriiin * ™i>(!<' ”f Krudimtiiuis fnnii 0 to 2(l(l 
At the atandard teniiSTatiire IStt" (' (IK) h'). diatilleil walci la 
reiirew'iitisi by 0 on the hydrometer scale, jpnsif spirit b\ IIKI, and 
Tralles'a alcohol by 2IHI 

Spirit motors. It nmy la- nientiolKsI that in some ccaintries. 
thoujih not in the Ihutisl Kingdom, an " Ahsdiol meter ’’ m * Spin! 
meter'' is iiani in distilleries for the piii|H)ae of nuistering aiitoiiiati- 
eally the quantity and ativngth of the alcohol )iroducisl In one 
form, made by .Siemeiu, the apirit on its nay Iruin still to nreiter 
jiasstiH intai a vessel in nhirh its stiength is leeordisl h'or this 
purpiaw a Hoat is employed, which, on the pnneiple of the hydro¬ 
meter, rim's in weaker spirit and falls in stronger, and this motion 
of risu and fall is cominunieatcd to a dial indicator by means of a 
duiicate lev ct ineehaniam The vessel is so ronstrueted as to provide 
for proper mixing of the spirit and to avoid convection effects on 
the float. 

The spirit then passes to the mraauritig instrument, which 
consists of a eylmder or drum rotating on a hormontal axis, and 
divided into three equal compartments by radial planes. When 
one of the eompartiuenta is full, the weight causes the drum to 
rotate, thus allowing that compartment to disehaige, and bringing 
another into position for filbng in the meantime. The rotation is 
logiatered on an indicator dial by means of a pinion attached to 
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thi> axli> (i{ (hr dnini Tliua a laailiniKiua rcronl of quantity and 
Ktii'iiiflh iB (ilitaim'd. 

'rill' acroiuiMnyui)! taltlo sIiomb for tho |iniM'i|iiil fon'iKii riiniilrii"i 
the aUiiliolic atrrnKtha t'(im'b|K>ii(liii)' with xniiiiiis )K-nH'iita;ji'.'< ■>( 
Hntiali apirit. 


Kliin Il>\ MLOIIUI It STHI M.IHh t'<lKltP>l’iiMl|S(} M ITU HkMIHII I’Htlfir V>n I s 
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J9 

•1 7 
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1(1 
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.1 7 

11 1 

4 It 
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M.1 

Kit 
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0 9 

111 

11 ‘1 

II1 

iis 

9 i 


Hi 

M 1 

isit 

II It 

:mi 

17 1 

I7i 

31 1 

119 


l«l M 

iOl 1 

41) i 

lit 1 

•in 

Ji7 

2i9 I 

r. M 

Is 7 

tr> 

ill a 

216 1 

.111 

il 0 

."•(I 

is 1 

2KI| I 

17 .1 

21.1 

r>i*» 

.'ll 5 

31 1 

(•3 0 

iriii 

III) 

;ii i 

:ii 1 1 

ItK H* 

2K 1 

11.1 

57 1 

.17 3 

71 7 

29 9 

7II 

59 9 

40 1 

M) 1 

33 4 

7." 

42 7 

4i‘t 

Kfi M 

3.19 

Ml 

4.1 6 

41 K 

91 4 

3S .1 

K> 

1H3 

4S.1 

97 0 

II 1 

9(1 

.11 2 

.11 1 

102 K 

13 9 

».') 

.11II 

.112 ‘ 

lOK .1 

lit 1 

KHI 

Ml <1 

.17 1 

1112 

19 3 

Ml.*) 

.19 H 

IM> 1) 

120 0 

■li 1 

11(1 

62 7 

6i 9 1 

li.1 7 

.110 

ll.l 

li.1 6 

6.1 7 

131 3 

.17 9 

IJO 

RH 1 

6K 6 

137 0 

I9l S 

\ 2 r. 

71 5 

71 1 

14iH 

Itli 9 

l.iu 

74 1 

71 i 

14N i 

liT 0 

m 

77 0 

77-1 

154 2 

70 i 

14U 

79 H 

79 9 

150 9 

7.1 i 

115 

8i7 

H2 H 

1(1.16 

76 7 

m 

H55 

K.1R 

171'.1 

HO 1 

1.55 

HK'4 

KHR 

1771 

k:i7 

16U 

91*2 

91 3 

IK2 7 

H7 3 

165 

941 

04 2 

1H6*I 

91 1 

170 

97 0 

97 2 

104 3 

9.1 J 


ALCOHOL CAUn’LATIONS 

(l) To convert percentage of alcohol hy volume Into percentage 
hy weight. 

Multiply the volume pereentage by the apeeifle gravity of ahwilule 

T 2 
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iilcohol ami diviH(» tlio ]inNlu<'t h\ tiu* f;ravit\ 

ot th<* lirjiiid III 111117(11011 

For let S hr (hr HiNnlic ;'ru\i(> of (hr li<|iiid (nt iril)' loU') 
Thru l(N) r ■' uri|;h l(N) iS'/> hIutt p is tlii' sp of viiitrr 

u( 15 n 1 . 

II V hr (hr {rrmitiip* of alrohol h\ voliiiiir, (lirii MK) rr of 
(hr liquid roiUiilIl V r i of alMohltr iilrohol 
That iH, MN) Sp |(raiiiH (siiitaiii T r r ; 

KM) umnis (oritain ^ rr iilis. idr 
Sp 

hut 1 ( r of ahs. .dr vin^hs 0 7!t!{0 p Kriiin, 

^ rr wrmli ^ • ((7i).T‘i o I'niiii, ^ 0 7I(IM» gr.im 

.SV Sp s 

That iM, IIK) }(iiiins of (hr Iii|iii4l roidiiin V 0 
Iilrohol, 

. f , |K-M-ntiiK<- l>\ wriKlit 

S|i i;. Ilf till' lii|iiiil 

(2) To convert percentage by volume into grams per 100 c.c. 
Miiliiph lit IITII2S1 

l‘'iil if HNI ('(' Ilf till' lii|iiii| I'linlillli r i r III illiMilllti' iiliiiliiil. till' 
Ul'll'llt Ilf till- r !■ C IS 

r.(l7!KII'i figniras, I' llTIKIIi lltKKNKiT I' II7!K!N4 

(3) To convert percentage of alcohol by volume into percentage 
o( proof spirit by volume, 

jMuIlipIt li\ 1 7.'>3ri 

Kiir iibsiiliili' iilriiliiil IS Trilt'i ' iiti'i {iriHif Unit is, UK) viiliinii's 
Ilf nlisiiliiti' iili'iilinl (siiitHiii till' saiiii' i|Uaiilitt of iilisilinl u.s ilii 
I73;i.'i tiiliiini'ii Ilf ]iniiif s|iitit 1'lii'n'fiiri' I ml iif nlniliul 
I 7ri:iri vnls ut imsif ^|ll^ll 

(l| fur miiiiiiinri I'lilrliliiliiiilii. iiililtl|iK li,\ 7 t ( I 7i7) 

Kioiii till' fiin'giiiiig tlins- I'xaiiiiilcs it mil In' nis'ii liinv mil inii' 
lU'iiiiiiiiiiatiiiii mil In' i'\|in's.'ssl in tiTiiis nf am iitliiT 1'liii.s 
frnm (3) a iiiiaiittt,\ iif ali'oliiil in tfrnis iif |innif apirit mn In* 
PxiinsuH'il III Icniin nf alwiiliiti' alisiliol by viilunir iin ifiriifiny by 
I 71)35. anil thi'ii citlirr lU imri'entafir nf alwnhitp alruhul by aright, 
nr an gninia nf alnuiliili' ali'nlinl prr lOtl r.r , os ahniiii in (I) ami (2) 
ri'a|Ks.'tivply 

Hic variuua n'latinna mn Im' aiiininaniipd fur n'fm'ni'i' in the 
fulluwing “ laiiircrainn P(|uatioiia " 

fa*! S ili'iinti' the ap gr. nf a a)m'iinen of alrobol, 

1‘ tlip ponx'iitage of proof apinl b\ lobinip, 
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Til 

I (hr |H'ii<'ntii)!i' of nlcoliol hv vohinio 

ir .. .. wi'i;!hl. 

iiiiil <1 III!' KraniH p<T KHI <* e 

'I'Ihh /• I 7.73fl r, 

2 2im II .V 
I' n ,i7(W /■ 

I 2(1(11 U N 

II ' . 

•j N 

(17itt(i ■ 

.mil n 7ii2S I, 

(M,-i2l /* 

\ii ii|n'r.ilinii fif(|iii‘ii(l,v m|iiiri-il l^ llir ii'ihii'lioii »f nlioliol linni 
.1 lii||lirr (o ft limrr '.(nm^lli 

III dll' l.llll>l<lllll'\. mill CIIIIM'llH'Ill IIH'MSIirillK \I').M'||1 III llllllll. 
dll' ll|l■■M(ll1ll l^ 'llllllll' Till' Milium'S iiri' iiivi'isi'ly hh dll' ftln'iigdis 
W'l' llii'ii'foii' (iilii' II I'onvi'iiii'iil qiiiiiilili of (In' iilmliiil, iiii'aniiml 
III dll' sliiiiil.iiil li'iiiiH'Mliin', mill iiiiiki' il ii|i mill rnilor In siiili 
ft Miliiiiii' III dll' Mliili' triii|ii'iiiliin'. dull llii' iiilio of lliis \olliiiii' 
lo dll' lirsi shall hr (hr inlio of dir )['''rii sln'iifilh lo (hr n'i|iiin'il 
'lii'iil'lh 

i'7\.iiii|i|r (iivrii sdriiKlh !HI |iri .rriil , iri|iiiri'il sln'iifilh 21) |iri' 
ml Dilillr 211 rr (o '.HI rr, or 22 2 In UK), or III I (o .'KHI ns 
iiiiiy lir roiimiirnl Smrr (hr li'iii|irriitiirr of thr hi|iii(l nnrs 
iliiriiif! (hr inixinfi, for proriM' mirk it iiiuftt In- luljiistrd In'fim' 
roin|ilrtiiif{ Ihr x'ohinir 

It Is lo Ixi riirrfully iiolril Hint on arrouiil of (hr isml rordun 
tthii'li orriim tho n'ljiiiml Mtrrnftth mmlil not hr Kivrn h> mldinf; 
70 r r of wnttr to 20 r o of thr alcohol Mon' Ihwi 70 would Im* 
n-quinsl 

For thin muion, thr ralrulatiun in Iran dmplo when, as in large 
oprrationn, no nuitahio vranrln may be iiTailahlo for nrrurately 
making up the dilntrd npirit to a required volume at a particular 
temperature It ia then nrccaaary to calculate the actual quantity 
of water which muat be addnl This may be done an follown 

To find the Tolumc of water which must be added to a given 
volume F, of alcohol, in order to reduce it from a given strength Nj, 
to a lower strength S,, tho densitiea V, and D„ respectively cotre- 
sponding with these strengths, being known. 

Let X denote the weight in grams of the water required, and Y, 
the resulting volume, in c c., of the diluted spint Then the weiglit 
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of tlin Kivcn vtihunc of alcohol ir K|/>i, and that of the roauUing 
volume iH \\lff 

lint the latti'r ueiKht • the former weight { /, 

Alao, aiiKO the atrengtha are in\erHel> iw the vnluinea, 

V, s, 

I', ’ n, . 

SuliHliliitinK fnuii (3) in (I) wi- get; 


(I) 


( 2 ) 


■f .<*• 

\«hi(‘h given the weight of water mimnnl. in teriiH of the known 
riiiantitUN, and expn'Hmnl in graiiiH 

Kor or<himr> work thia niiU lx* taken as the nH|iiin‘d nj/iiwr of 
wilier, in ee Tlie jiitn'ine volume will of eoiirM' de|N*nd upon tin* 
leiiipi'ratun' of the water At 4', ,1 giuins r ee , at loO , 
r grama -- x I tMKll* e e 

Kxttmpic (1) I low mueh walei at 15 tl tniiHl la* added to ItKI c 0 
of IN) (ler I'eiil nlrohol 111 order to nnlin'e itn stieiigth to 50 |mt 
eeiit *. (Stn'iigtliK hy volume ) 

Hen' I'l loo. N| 00. and tiO With tsuflieieiit aeeiiraev 
the values ol /i, and l>^ limy be taken from thi' onlinar} alcohol 
lahlea /), - 0 k:|» 7. and /i, '0 01:H 

X ini' (0 !)i:w / iKi 0 mi X 611) < 1 (WHO 5:1 (iii <• i. 


nr iinu'lii'all}, jll 7 c e 

Strictly, however, the VKlnm of /), iinii D, an taken from the 
oiihnary alcohol tables are not the tnie ileiiKitiea (niasH of unit 
\ohiine). hilt the H)H>eilie gravitiea at 1,56°, refemvl to water at 
that tein|iemtnre iia unity Since the density uf water at that 
tomperatun' u, II !)fllH),17 (lleapreta), and not I, the values uf D, and 
/7. should be eorreeled aeeonlmgly If wo therefore multiply these 
values by 0 900637, we Knd the true densities 17. and D, to be 
11-0330 and 0 9125 rea|ieotively, and the corrected result is 
X : ,>3 64 e.e 

But it is to be noteil that we get the same result by simply taking 
the vaincs uf A, and A, fnim the ordinary alcohol tables and using 
thoitt in equation (3), omitting the factor 10009;— 

list 

1 - (09134 X 00-08337 X 60), 

« 53-04. 


The fact is that the teeiprocal of 0-099037 is 1/10009; and this 
cancels out the factor 10009 used in the first calculation. So that, 
finally, although z in equation (3) deootee the meiglU of water 
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required, if we take titc values of X>, and D, a« i<])eriHe gravities 
from Ihr ardimry aleohal lahlrt the result expresaea the required 
nifsme iif water, in e e 

'Phis exiim|ile has lieen elaixirated a little. lieeaiiM' tho point in 
quealiiin is sometimes found puzzling by penona unfamiliar with 
aleiihol ealeulaliiius 

Emmplit (31 flow much water la minircd in order to ledueo 
lot) gallnna of spirit at W) o\er jinsif to a strength of 3tt over proof! 

From what pmaales. it mil hr seen that npiatinn (3) will give 
the answer, r. in gallons, if the speeiKe gruvilira comaiiKinding with 
the htrengtliN aie taken fiom tlie onliniiry aleohol tables 
lien' 

I'l 101) - 1110, -S', -1311, /J, «K2!li'i, aiiit I), OWOtt 

lienee r - J*)[| (0 HSIW / 1110 - 0 821I.'| '15)) 

3113 galloiiH 

I'rolilenis of a slightly differt'nt eharoeter are set m tho next two 
questions 

(I) What weight of water iinist be iidilecl to 100 grama of an 
alcohol ( 1) of given strength (iKTcentagi- h> uiighl) in onler to 
pnalins* an aleohol (fl) of given lower atn'iigtli ' 

la-t n anil h Is- the riwjas'tive given stn'iigths (laTtriilages by 
n-i hihl). ami let x be the weight in gniins of the water nS|Uireil 
'Ihell the total water pnwiit la ItKl a | j. itnd the weight of 
H piialiKril IS KXI I x 

]IN) 

. ill UK) grams of B lhen> are ^ ^ (IIKI —« 1 j-) grains of 


water 

Huttheweiglitolwaterin KXI grama of /<iaalhol00--fc lienee, 
(siuating. 

iiulving this equation, we get 


X 


too 

i 


{a — b) . 


(i). 


Thus if /I is aleohol of 00 js-r cent strength by weight, and we 
requite to dilute it to 70 per cent., tho weight of water to be added 
to 100 grams of ..4 is — 


(90 — 70) = 28^ grama 


(2). If in the foregoing example we have 100 e.c. of A instead 
of 100 grams, what is the quantity oi water requited ! 
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lii't /J ti('nf tlir ulroliol J Tlini HHIcr uill un)(h 
14N) !> paiim llctKc the qiuu)tit> of utitiT to In> acUkd is 


KM) li 
KH) 



h) grains. 


KK) (ff b) ^ Kniiiis . , (ii) 

Hi'ii*. uh rspliimrd llu* AnliH' of /) if taki'i) fioiii llio 

onliimn iilroliol tables is not the tnie densitv fimiss of unit \oliiiiH’b 
but the s|Ms'ilie ^^aMl^ n'frrred to water at 151)' Kenee lODce 
do not »<i|!li exactly KM) I) j;ranis if tliCH> tables att* iisisl In tins 
(Mhc, as in that explnimsl nbo\e, (he quantity of ualer p\en b\ the 
(‘xpression (ii| must he taken as the mhnnr in e e , not the \ieurht 
in ^raiiiH 'I'lie eorn*etion for nsiuting the \ahie of If to tiue 
deiisit\, and that tor eonxertin^ pains of ixatei into ee. cancel 
i‘ach other (uit 

ApprOXim&tions. In techmeal ojiciutions of leducin^ 
spirits from a lusher to a toner Htn>n^th it is (ommon to disicpitd 
the effect ol (suitraction when no peat aeeuiaey is leqinn'd 'Hie 
calculations an* then iiimh simphlierl From the |uiiicip1e (hal 
the \olume is inxeiseK as the stienph, the volume wliah the 
icduced spirit mil have is ealuilalisl The difTmeiiee hetneen lhi> 
and the oiifiinal volume is taki'ii as the volume of uater to la* atided 
\ few exanqiles mil make (he meth<Kl clear 
fCarlmp^ (I) (tiveii 54 5 pilous of spirit at sltenph Ho over 
(insif, how mneh water is reipimsl to nxliiee it to 5 5 over pniof * 
Hen* the pven stn'iiKtli lOHo jnt eent of pnaif spint. and 
(he nspiinsl stmit^th 105 5 Smee the vnluiinsi arc iiiviTsely 
ns the stniigths, the vMiluine of the nshiml spirit will l)e 

54 5 < , . ^ ^ 67 1 plloiiH 
lt)>) o 


Till' viilunip III «at«r to bii addiil is therefore Uken »>> o7 I — >14 5 ■ 
2 0 gallone Tlio exoi-t quantity ahould be 2 TK gallons, if eontrac- 
tioii were allnueil for, but tho result is milliriently accurate for 
tei'biiical imr])i)ses 

f'ntmfif (2). A iiiueh greater disereiianry, hou'ever, may weur 
when the two atiengtha lURer more widely. Take, for instanrr, 
the I'xainple ulr.'aiiy worked out (p 2711), ei:, how much water ia 
requitml to rednee 100 gallons of spirit at 00 o p to a strength of 
20 n p I 
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Hiw till- viilimii' Ilf till' I'pml iifliT niiui tiuii In llif limcr kIii'iikHi 
mil III-■ • 

KKI / -■ n» » Kiilliiii- 

lini 


anil till' i|iiantit\ iif watiT In U‘ ailiinil miiilil In- laki-n ai 
i:i;i';) umo :i:i ;t Kuiiimi 

Tlic aci’uralf i|iianli(y aniilH la' ltd 2 I'allniis. aa alinaili •■linmi 
ft’iiimyi/i' (;i) (iiM'li vnliimi' SO pilli>ii<>. at slri'iiL'Hi 10 nil i |iinnl , 
hna iiiilrh wali'I’ mil'll In* aililcil to inliii'i* llii* ('jniil In t!ii iitithi 
pinnf f 

llcin llii' |K'ii'i'iita({c' '»ll('li)!lli- aic ii's|H'i li\rl\ UNI • 10 iiml 
100 J."> III IIO.inilT'i anil fill'ii"'iiltiiin miIhiiii-III till iiiliiiril 

'.|iiiil I" 

ll'l II 

Ml 11 1 :< )!.illnii'< 

nl 

Till' i|ii.iiili1\ Ilf wafi'i fn III iiilili'il I'l llii'ii'fiiri' fiiki'ii as 
in.'t SOO ;t7 ;f t'lillnii', llin mmal iiiiiUiUlt miiilil lii'SMI 
KfUiifiU (II II I'l wiiiii'tiiiii"' I iiiiM'nii'iil III I'liliiilali' tlii' I'ljiiim 

li'ill /I/Iiii/(. mIIiiiis la liiri' III .iliiiK tn liiiil llii' lilial vnliiiiii' nf llin 

I'l'ililii'il •■iiiiil '!'< Ill fill' fnllnmiii! iiihliiiiii' 

I -M'n ’ill nallnii^ Ilf >|iiiil III li iivi'i |irnnf .mil 20 (i.illiuis iil 
III ii.iili'r iniiiil , linu iiiilili mili'i iiiii'-l I" 'hI'Ii'iI I" H'*' ini’il'i"' 
III Ilii'M' III iiiili'i In iihIiiii' fill' '"lii'lil.'tli nf till' mIiiiIi' In 2n iimli'i 
(iriMif' 

^■|l^l. r.lll lllllli' I'llill l|ll.llllll> In (iliHif )!.llliil|v 
.-aiRiilliiiiK.il I2ii|i .-ill .•iliOKa'lliiii'.iil iiiiiiifsIniiKlIi 

INI 

20 III II |i 211, . ISO 

70 

Tiilal . . 7KI . 

Thcn74l»atiiiNHif..74ll . 2.-i iimli'r |ir.«if 

Heni'O the »at«T to be adiM in laki-n aa «H 7 - 70 0 - 2H 7 gallwi 
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C8tf. 


0lf.MTlOK or M.(’OUl>l. rKOn UlVKif iUHRSOTIl TO RBC)CIUill LOWRK MrRPNUTU. 


higlu'r itri'njithii, pfr mit l>y volume 


lieqiiiit'd 

im {).». Oi. n UJ. 91 SU Hri. 80 

utmiRUi 


Volume of Kilter iii e e to In* Acldoil In 1 litn* of alrohol 


ori 

12 




.. 

- 

— 


- 

M 


12 


— 

- 




- 

in 

58 

2.5 

12 






- 

i»i 

fiO 

58 

2.1 

12 






ill 

hi 

.51 

58 

25 

U 

— 



- 

Ml 

77 

04 

.K) 

58 

25 

1.1 





147 

1.15 

no 

108 

02 

70 

88 ' 



80 

221 

200 

1 105 

IKO 

188 

1.12 

ns 

OH 


75 

510 

205 

270 

205 

210 

251 

210 

' 145 

72 

70 

408 , 

, 101 

571 

5.10 

512 

526 

310 

251 

1.15 

on 

520 

502 

481 

187 

410 

452 

115 

511 

218 


H50 

oair 

01.1 

502 

,175 

.1.1.1 

538 , 

140 

5.14 

s’!?! 

MK) 

750 

750 

750 

710 

808 

878 , 

1 570 

480 

AO 

OMl 

080 

IKIO 

014 

802 

880 

817 ' 

' 730 

811 

15 

13(8) 

HT.) 

M5I 

1120 

1101 

1077 

10.11 ' 

052 

81.1 

Ml 

1472 

HU 

1117 

I58‘) 

1582 

15.11 

1508 ' 

117.1 

1010 

»5 

1818 

1787 

1758 

1725 

1801 

Ili81 

18.12 

IIHO 

1520 

Hfl 

2270 

2211 

220.1 

2180 

2155 

21818 

iWU , 

18K8 

1711 

2A 

2010 

2875 

285(1 

2788 

2745 

2705 

2881 

2111 

2211 

20 

5872 

5820 

5787 

5715 

504i2 

5810 

5.1.18 

.1208 

5010 

15 

Alim 

5507 

5528 

5250 

.1100 

5121 

50.15 < 

4710 

4.180 

10 

80.78 

8558 

8155 

8551 

8210 

8147 

H0I.1 . 

7.158 

7029 


Refractometric estimation of methyl alcohol. - 
In n mixfurr uf nirthyl nnti i<(hyl nkiihoh nhidi w known to lx- fnx* 
from otlipr iinlr<tiinn'H I'xrt'pt watrr, Ihr propoitiona of the two 
ali-ohola can bo roailil} i£«wrtnine(l by dptorniiniiiK thr rofniotiro 
indox of tho mixture ' Or, what rnmra to the mmo thing, inatrad 
of the rofraotivp index we may uae the refractive value, exprewied 
in terma of the scale degrees of the partinilar instrument em^doyed. 
The Zeiss iminersiim refiuetoiiuder is the moat suitable apparatus. 
Any other form, however, may bo used, so long as the index of 
refraetiim can lie determined, though the immersion instrument 
gives the most areurate results Is'ach and Lythgoe's tables give 
<thv refraction valuca at 20'' eorttsponding with peicenti^ of 
ilcohol by weight: their iiita are used in tlie following 
"heseription. 

' ^e refraction value of methyl alcohol is less than that of ethyl , 
' *^ihol of the same strength. Tho greater the strength of the 

^ I«sch and Lythgoc, d, 4sHr. Ckem. Soe,, itOB, 87, 9S4. 
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AtrOHOUIMKTKY 
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aUfiholn. thi‘ Brouter is the differoni'e of refraetinii vuliie For 
example, at 10 |KT eeiit MtrctiBth the ilitTei'eiiir ik 11:2 (Zeiss 
8enle), nt 50 ]N'r eeiit,50 5' , amt for the ahsoliite iilioliols, 
89" 

As (he stn'iigth eonliiiiiouhh men^UMes, tlie ndnielioii-value of 
eaeli alcohol Krat riHcs to » maximum, anil tlien falls With motlixl 
aleoliol, the maxtnium ih nsicliisl at iilNiut 50 piT eent H(n>n|;lh 
(h) woiBht), with ethxl ot alKiiit 75 |kt cent 

To make a determiimtion, the s)H>iirn giUMlx ol the mixtiin* is 
taken, anil then the n^fraetoiiietei teailiiiB at 20" From the 
spei'ille Biaxitv the |N'reen(HBe of total aleoliol is useertaiiieil by 
iiieaii'* of (he oidmarx tallies (p 2.'{!i) No uppieemhie eiior is 
eaUMsI l)\ iiMiiiB these tables for the mixtnie since the densities 
of elli\1 and inethxl almliols are siibstantialh the HUiiie The 
ndraetoineter leading of the mixtnie will he Mumi the xaliieH 
toretbxl ahohol and methxl alnihot in the letraelion tables, wheiiee 
the pioportioiis of the |>i«i m the inixtiii'i are toiind by a Hiinple 
I'nleiilation. thus 

Siip)a)si> the total ah oliol to Im> :10 \m < lait, and the ndrmdometer 
ri'niliiiB 120 Fiom (he tiibh* the leadings iorn*s|)oiidmu uith 
:t0 pel lent ahohol aie 52 K and 090 Then 090 52 K lit) 2, 
and 09 0 42 0 27(». so that (27 ‘:t0 2) 1(K> 74 5H per 
eent of the total (deohol is iiielhU alcohol, and as the total alcohol 
is 50 |MT cent, the inetlix 1 aleohol la :I0 0 745H • - 22 37 jM*r eiiit 

of the iiiixtun*, h\ ueiBlit 

Apart from errors of readiiiB the instrument, the ehief Koiiiee of 
inaeiiiiiiev to guanl against ih the presence of an,\ appnnahle 
itiiiuitit,> of luvtone, 1 ^ 11 ( 111 ! oils, or other xolatile Hulmtaneis*, 
tthieli iiui.x notahly alTint the n'fiaetion If no siieli iiiipiiritK'H 
an‘ pri'iumt, fairly aei'iirate n^sulta arc ohtaiimble An idea of the 
degree of aecuraey may la* gathered from the lolloumg rcHulta 


Methyl b1coImiI» |ht cent. 


Pri'Hiait 

Feuufi 

liiflareiHM* 

r% m 

6 48 

+ 0 50 

HAO 

1192 

1 n*4S 

i*:2i 

1177 

0 44 

22'HI 

S3 75 

+ 0 91 

4xaa 

47*41 

-I* 1*73 

bS M 

99 85 

H- 1 30 
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AliCOHOI. 


CHAP. 


Hf‘4LK itK\nfN»H or %i:mh imvk>hio’v Hkrnv* roMLn u ir JO' 
(Lk4('H aki> Ia rioioi) 


Hriuhiigi. 


Alcohol 
IVr c»>ul. 

Mntliyl 

Kthyl 

Iiy HciKlit 

nlcoliol. 

lilcfOiol 

0 

14.1 

14 6 

1 

14 K 

10 0 


1.1 4 

17 0 

a 

10 0 

101 

1 

10 0 

20 7 

R 

17 2 

22 3 

H 

17 H 

511 

" 

IK i 

2.10 


mo 

27 8 

!» 

10 0 

20 0 

10 

20 2 

31 4 

II 

20 8 

33 2 

rj 

214 

3.10 

i:i 

22 0 

30 0 

14 

22 0 

38 7 

in 

23 2 

40.1 

Kl 

23 0 

42 .1 

17 

21 n 

11.1 

IH 

2.12 

40 6 

111 

2.> 8 

18.1 

JO 

20 1 

.10 1 

J1 

.!• 1 

12 1 


27 8 

.11 3 

5.1 

28 1 

.10 3 

•J4 

20 1 

18 J 


20 7 

4M) 1 

JO 

:i0 3 

01 0 

27 

:u) 0 

03 7 

20 

31 0 

0.1.1 

20 

32 2 

07 J 

30 

: I 2 8 

000 

31 

33 .1 

70 4 

.12 

34 1 

71 7 

33 

34 7 

731 

34 

3.12 

74 4 

36 

36 8 

76 8 

36 

30 3 

76 0 

.17 

.10 8 

78 0 

38 

37>3 

70-1 

39 

37 7 

802 

40 

381 

81 3 

41 

3K4 

82 3 

42 

.18 8 

83 3 

43 

30 2 

84 3 

44 

30 3 

86 2 

46 

39-4 

863 

48 

306 

87.0 

47 

30 6 

87 8 

48 

39 7 

88 7 

43 

30 8 

89 6 


Koufling'* 


.\|co1h)1 

IVr cent 

Molhyl 

Kthyl 

by weight 

nlrohol 

alcohol 

60 

30 8 

<HI 3 

61 

30 7 

01 1 

62 

no n 

01 8 

.13 

30 0 

02 4 

64 

30 .1 

01 0 

61 

.10 4 

03 6 

60 

30 J 

04 1 

67 

30 0 

01 7 

.18 

.18 U 

0.1 J 

10 

.18 1 

017 

00 

37 0 

011 2 

01 

37 ,1 

06 7 

6J 

37 0 

07 1 

in 

30 .1 

07 .1 

01 

.16 0 

OK 0 

0.1 

1.11 

08 3 

no 

3.10 

08 7 

«7 

11 6 

00 1 

OH 

.11 0 

00 4 

00 

31.1 

09 7 

70 

13 » 

KHMI 

71 

3J I 

l<N> 2 

7J 

.II 7 

KM) 4 

71 

.11 1 

|<MI 6 

74 

.0) 1 

IIH>K 

7.1 

JO 7 

mi 0 

70 

JOO 

|iM n 

77 

28 1 

HKM.I 

78 

J7 fi 

HHI 0 

70 

26 8 

|IH»H 

40 

26 0 

100 7 

HI 

2.11 

IIM) li 

82 

J4 3 

100.1 

83 

23 6 

1(8)4 

84 

J2 8 

IUO.1 

8.1 

21 K 

100 1 

80 

20 8 

90 8 

87 

10 7 

00 .1 

88 

186 

90 2 

80 

17 3 

O'* 0 

00 

16 1 

08 6 

91 

14 0 

08 3 

OS 

13 7 

«»7 8 

m 

134 

07 J 

94 

110 

06 4 

0.1 

0-6 

017 

06 

82 

04 0 

07 

6 7 

04 0 

08 

6 1 

93 0 

00 

3..1 

03 0 

100 

20 

01 0 




Vlt 


AiroHdWMETRY 




In this I'liiintri it is iinm- iisiihI to tnkv tlii‘ irfrai'tiiiiii'li'r ii'niliii)!s 
at iri (!' (! (-- 60" K), and Uii' n’siiHa arc iiften wanUsl liy miIiiiiii*, 
or at jiniof htn-nittli Tlio folloanij’ taliloa, l■al('lllal<sl liy .1 Hnlnii's. 
f(iM' dll' n'i|iiiri'd \aliicii I'orri'lati'd irilli s|Msilii' Kravitii-s 


Si'M IM« l.UVMTIt>, I'liKri Nr4(fhs, \Nll HI.I-IUI I l«»N \ \l I 

Aqi iiMt s sMii'riovs* or mi Tim. Aii'oiioi \Mi i riivii 


H|hh ill'* 

KfllMl) 


of 


Ucriiii(i>ii)i*tci 
n'tuliii^ i))i 

\t 

i.nir 

Al 

l.'i li- 

\l)>tli}i 

Alcohol 

Pniof 

DiiiiicrsKui 

iiiVmiiihmiI 

111 1.7 (i 

i.'iii 

4 . 

Hv 

»y 

iiy 

Hv 

)<|iin( 

Mc(li>l 

Klh>l 


VolllllK' 

Mi'iitlit \olunu‘ 



Altiiht)! 

iiltiiht.l 

l (HHIII 

0 iliHIO 


(1 




1.7 4 


n 

0 007J 

] mO 

1 

1 20 

0 IN) 

2(i<l 

HI 0 

ll) <1 

U 'Kliri 

I) ‘i'i:r> 

1 .VI 

_* 

2 3(1 

1 VI 

4 12 

ll) 0 

18.1 


tl mikis 

■| »•) 

.1 

3 .7(1 

2 87 

1) 23 

17 2 

PI <1 


0 OMJl 

1 0<l 

4 

I HI 

.181 

S38 

177 

21 .7 

0 'Hll 1 

(1 M'lll'i 

(• 23 

.1 

0 (Ml 

1 88 

Id 02 

18 3 

23 3 

n 4ih<h 

0 !I>KM 

7 41) 

(1 

7.31 

.7 S<l 

12 81 

10 U 

2.7 1 

«<lhSj 

(1 0173 

Hli<i 

7 

8 1)4 

(i<ll 

1.7 OH 

10 7 

27 0 

1) MSlili 

II Oh.'i? 

11 01 

h 

0 1MI 

KOI 

17 41 

20 3 

2<l 1 

(1 ‘isrii 

IMIStJ 

11 111 

•1 

11 31 

•Ml 

10 72 

20 0 

31 0 

0 •IK.fli 

tl ‘IS27 

12 3') 

1(1 

12 li7 

10 21 

22 07 

21 (» 

313 

Il'ISJI 

0 1IH1J 

13 :>7 

11 

14 04 

11 14 

24 '81 

22 3 

37 .7 

0 «»MHi 

0 0707 

14 7S 


1.7 1(1 

12.71 

20 llh 

23 1 

;i7 0 

0 'ITMI 

II97SJ 

1 *1 <10 

1.1 

111 01 

13 72 

2'! 73 

2.3 0 

10 2 

» U774i 

II ‘I7ti7 

17 10 

14 

18 40 

II <14 

32 11 

24 7 

42 7 

nti'iii 

0 'I7'i2 

1S .10 

17 

IM 88 

III 17 

31 70 

27 .7 

4.7 2 

U i)7M> 

|)'.17.»7 

i<i :a 

111 

21.17 

17 11 

37 32 

20 3 

17 8 

0 !I7.{ 

0 'I7.M 

2(1 77 

17 

22 74 

18 711 

30 73 

‘27 1 

.711 1 

IMI717 

II M7<m 

21 <ilt 

18 

21 20 

1<I 7H 

42 28 

27 0 

72 1) 

0 tiTllJ 

(I <11)01 

23 1.7 

I'l 

2.7.7.7 

20181 

44 01 

2K7 

.74 H 

0 {IhH'l 

0 OOSil 

24 .1.1 

20 

211 8() 

22 01 

4(103 

20 0 

.77 II 

il IHiT.'i 

(1 <11)1111 

2.) .71 

21 

28 17 

23 UO 

411 IH 

30 () 

.7*1 2 

0 iMMd 

0 

2(11)0 


2(1 .VI 

24 1.7 

.71 37 

31 (> 

01 1 

0 IHi-17 

II 

27 Dt) 

23 

30.7(1 

2.7 IK 

.7.1 48 

32 .7 

03 4 

0 

1) \M'2 1 

2'l (13 

24 

31 77 

2(117 

.7.7 .71 

.11 1 

0.7 2 

(1 iKilil 

U <0)1(1 

.1(1 20 

2.7 

32 87 

27 13 

.77 47 

34 2 

6(1 <1 

II iHKK'i 

(1 OVili 

31 3(1 

2(1 

.13 o:i 

28 (III 

7*137 

31 <1 

(iH 7 

11 

(10.7K2 

32 1)2 

tr 

37 (81 

2h 07 

III 20 

.17 (1 

70 1 

0 ihiTli 

0 0.*>()7 

;n (i7 

28 

36 08 

20 111 

03 Id 

30 2 

71 0 

II ur>al 

0 iirioi 

34 H2 

2‘l 

.17 13 

30 84 

04 07 

3117 

7.11 

0 IM4<) 

II 07:i7 

3.7 011 

30 

38 lb 

31 74 

011 77 

37 2 

74 4 


0 0332 

37 Hi 

31 

:i'41(1 

32 (12 

08.72 

37 7 

7.7 7 

II 

0 0.7O0 

38 23 

32 

40 10 

33 .73 

70 32 

3H2 

7(1 (» 

tl ilMHI 

(104911 

30 3U 

33 

41 lO 

3143 

72 00 

38 6 

78 2 

(1 'UHi 

(10473 

40 48 

31 

42 23 

3.7.33 

73 01 

30 0 

70 3 

0 i»4K(> 

(104.'i7 

41 m 

37 

43 10 

.16 2‘2 

7.7.70 

30 1 

HOT) 

U !H4f» 

0 0440 

42 71 

30 

44 10 

37 12 

77 34 

30 7 

Hi .7 

0 mi 

U9433 

43 82 

17 

4.717 

.18 02 

7007 

400 

82 6 

0 mi.’i 

0 U40A 

44 02 

3H 

46 13 

38 HO 

80 74 

40 3 

83 6 

0 dSlPN 

it 0380 

4(10*2 

39 

47.()6 

30 7.7 

82 38 

40 6 

84.7 

II 

(10371 

47 11 

40 

48 (14 

40 6.7 

H4>I0 

40 0 

85 6 

0 mfii 

0 9.3R3 

4H 10 

41 

40 (Kl 

41-.74 

83 78 

41 1 

86(1 

II 9343 

0 0334 

4027 

42 

40 00 

4248 

87.73 

41 4 

87 6 

U U32.'k 

0 0310 

V) 3.7 

43 

.7003 

4V35 

80 17 

41 6 

88 0 

(19307 

0 0208 

.71 42 

44 

5183 

44 21 

00 76 

41 8 

80 4 

0 9:!«ll 

0 0270 

.72 49 

45 

52 77 

45-10 

02 40 

42 (I 

1812 

0 9370 

0 0201 

33.74 

46 

53 6.7 

47 04 

03 05 

42 1 

91 0 
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Rl'Rl'irtO OIIAVITIKH \M’«IKOIi PPIU'IfNTAnKH, AND aRPAAitlOy-VALrSS Of 
AQl.'KMl/H Mdlil TK>S«I) OP MflTHVli AVIJ KTIIMi 4I.«'UHOL~<0n(. 


SfN'Pitlr y I'l'imitagf* (it 

Mi-thyl KtK}l 

At At (ill iiliiil aKt’liol. 

1511^ If-itl 

4 Hy «y iiy "y 

N(»|iuiii‘ Weight \(iltifiii‘ might 


Iti'frui tuineter 

n'luiiiig (HI 
% I'M iiiiineiMKiii 
iiisIniiiM 111 
nl l.'iB 

’I''"'- Mi-tli>l 

iih‘i»}u>l iiletihiil 


tl {tj.'ll 

tl 11212 

31 50 

47 

34.37 

40 82 

<1.3 .VI 

42*2 

01 7 

ti 

11 0223 

33 04 

48 

3.3 17 

17 70 

07 III 

42 3 

*12 4 

0 *Ym 

(102111 

no 00 

40 

.30 38 

48.37 

08 7.4 

42 4 

*13 1 

It \\i*H 

(Ml 183 

37 73 

3(1 

.37 27 

40*44 

IlNI 2*J 

42.3 

03 K 

tl 

(101(01 

38 70 

31 

3K 13 

.30 31 

Mil HI 

4*2 ,3 

*11 1 

ft 'ti.iri 

tJ 01411 

30'70 

.52 

.30 (1(1 

31 21 

103 11 

42.3 

03 1 

tl tii:ui 

II0127 

00 81 

.33 

30 02 

.32 011 

lot <14 

42 3 

*13 7 

tl tiiiti 

0 0107 

0182 

.34 

(to Ml 

.32 '1.3 

lot) .311 

12.3 

*Ni 4 

11 tHIINi 

II miHR 

02 81 

3.3 

til ti*l 

.VI K3 

108 0.3 

12 1 

*Hi *1 

II igiTri 

0IKIIIO 

t>3 81 

no 

112 HI 

•3l 70 

10*11)7 

12 3 

*17 0 

iitH):)i 

(11MI43 

04 80 

37 

0.3 32 

3.3 fiK 

n 1 28 

42 1 

Os 2 

tl 1MI3» 

II1812 4 

03 Ml 

3M 

til 43 

.10 ti2 

112 87 

42 1 

*18 8 

IIMtlH 

(11KMI2 

on 70 

.3*1 

l»3 :i7 

37 .38 

111 32 

41 *1 

‘1*1 2 

tl HUiH) 

11 8«IKtl 

111 T2 

(81 

(812.3 

.38 .3(1 

nil 07 

11 7 

*81 7 

(1 

II 8031) 

Om IiM 

til 

(»7 17 

.30 Ml 

117 08 

11 3 

ItKI 2 

tlMtli.'i 

tl 8037 

l>>l 04 

li2 

OH 13 

(HI 1.3 

11*1.11 

11 2 

Imi 7 

tl Ktl22 

(1 KOI 1 

7(138 

li3 

00 til) 

III 41 

121 (HI 

10 <1 

Mil J 

II HMI» 

tl HHOl 

71 :a 

04 

0*1 *1*1 

(i2 12 

122 03 

40 3 

Mil 7 

11 HH7ti 

U KHOK 

72 44 

h.3 

Tool 

(i3 42 

121 23 

10 1 

102 1 

tl HHr>2 

OK814 

7.1 3ti 

00 

71 87 

III 13 

12.3*11 

3*10 

lOJ ll 

II hh:!h 

(1 882(1 

74 28 

07 

72 H2 

03 47 

127 .HI 

3*12 

lot 0 

tIKStll 

0 8708 

7.3 1*1 
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INUI’MrKI\l, AU-OIIUL 


AufJlliiL. Hiiitttlilr f<ir iim- ok a iH-rcinKc in liravily taxnl in moat 
(HiuntrM's III Ml fur, luiwi-vi-r, im it ih nniiiintl fur ]iiir)HMi-H othiT 
than ititrinal i'iinhuui|iliiin liy hiiunin lN‘in)!ii, IIioit in pnilmhiy 
nil country tliat Koiiiil nnJt for Ihv ini[Hii>ition of a tiix upan eo 
ubcful an article m oicoliol hoc pnivcil itneif In be in tlm orta anil 
nianiifactiinn To mention only n feu of ila iniluatrial applica- 
(ionn, it is larjply eniployiKl as a siiumi (if heat anil li)(ht, an a 
Biilrent for resinii in th« niiikiiiK of tarniahea and )ioliiiheii, a« a 
rca|;cnt in the extnictiiin of (lrii|!a and Iho pn'|iamtiiin of rarioua 
eheniicaln, and as a coiHtitiieiit of iiicdicainenla tor external um> 
There may !»■ fiiHal eeoiioniic I’niiinila for an ini|Hii.t upon alisihol 
uaeil IIS a luMiiy , liiit the ease is far othemiM' uhen the apirit la 
eniploveil as llie run iiiiiterial of, or as an adjiinit to, pnaluelive 
iiiduNi ri 

For this reason it la a eiiiiiiiiiin ]irai ticc to " ilenaliire " alcohol 
mpiinsl 111 niuiiiifacturing oiH-nitiona, and allow it to la- uacd free 
of duty The denatunng pnx'eaa coiihisla in mixing with (hr alcoliul 
naiiaeoiw aubatanri-a uhirh render it unlit for dnnking, liut do not 
lircvent ita uae for iniluatrial purpoaea Chief among thcMi oub- 
stancea are woixl na|ihtha (crude methyl alcohol), mineral najihtha, 
benzene, and bone oil or crude jiyndiiic Iiumsi ; though for aywcial 
reipiircmenta many othera arc enijdiiyud Thu denaturing may be 
either “complete," the denatured aleiihul being then allowed to 
bo diatnbuteil fur general iniluatrial nr domeatie uae with relatively 
few reatnutioiM; or it may Ih> leaa roni|dete, in which caau the 
apirit ia aanctiuned fur iiwnufacturing piir|xiara imly, and uaed 
under rioaer niperviaioo. 

I. INDUSTRIAL ALCOHOL IN THB UNITKl) KINGDOM 

Great Britain waa one of the firat rounlriea to aanetion the 
- employment of denatured alcohol free of duty for induatrial uuee. 

m 
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'Die liifth price of (lut,v-]iiiiil spint win found to lie inti'rfriing 
wnuunly with trade, jHirlly hy iniiipelling nianufiieturerh to lenoit 
to inferior nulwtitiiteii, and jHirtiy, when: niieh hubntituteii were not 
avuduble, by ranking it diflieiilt to eoinpete with nmnufactnrerH on 
the Continent where the duty wan iiieonhideraiile or where, an in 
France, tlie pure nleohol was allowed to hr used free of duty The 
matter was brought to a head m the year 1853, when the iiatenter 
of a lubnranl intended us a siilistitutu fur siierni oil ajiplieil to tlie 
Treasury for iwriiiission to n'rei\e alcohol free of duty for use in 
making the luhrii'unt Tins ujiplieation le«l to an extensne series 
of experiments, earrieil out in the Inland llerenue Laboratory 
under the auspices of its chief, Mr Geo I’hilli|)s, in onlei toasreitain 
whether it would be practicable to allow the use of aliohol fni- of 
duty for maiiufiu'turiiig pur]HiseH, without rndnngeriiig the re\enue 
derived from potable spirits The oiitcurae of these experiinciitH 
was the piojKisal to add crude wisxl nujihtba to sjiints of wine 
This addition, it was considered, would siillire to jireiciit abuse ot 
the privilegi', if graiiteil The suggestion was icfeinsi to IVofs. 
Graham, llolfiuann, and Itedwissl, the well-know ii clieinists of 
their liay, who ivfKirtisl in favour ot a mixture of io |s'i lent of 
wiskI naphtha with spiiits of wine being accepted as a denatured 
nicohul which could Is' iistsl free of duty witlioiit sciioiis dctiinieiil 
to the n'veiiue fi'uin )sitable spirits 

Nueh a iiiivtiii'c, termed ' methylated spirits." was legalised in 
18'i5 hy the .Vet 18 ft III Viet , lap 38 This inca.suie was found 
very beneficial ni its uiieration lui iignnls both industry and scientilii- 
nsiearch It also lessciii-d the jiriu lice of illicit distillutioii of sjmits. 
which has bis'ii carriisl on from lime niimeiuoriul in \ in ions parts 
of the I’liiled Kingdoiii, and even yet, cs|s'ciiilly in Irelnnil, ,.inl 
to some extent in Scotland, is liy lU) means extinct, in sjiilc of the 
fact that exceptional h>gislnliun has Ihtii eiinetiKl for those eountiics < 
Much of the nicoliol foriiicily )irialii(ed by illiiit distillation was 
not used foi druikiiig. but was sold to \arnisli makers and other 
inaiiufactnri'rs of gtsids in which the use of alcohol was n'lfuired. 
this iiiiirkcl was practically cut off hy the jaissing of the Act abovr- 
nieiitioiiwl, luid the cuiiscipirnt pnidurtiun of a legal uiitaxcd 
alcohol 

Down to 18111 this " iiiethylated spirit " could bo used duty free 
fur inaiiufactunng purjaises only. From 1881 to 1881 it could be 
used fur any piiriioae other than consumption as a bowrage or a 
inediciiie, but if used in large quantities, as fur niaiiiifarturiug 

1 in till* yisir lUM llicn* were 1,0111 ilcli'CtiniH smi scirnnN nf illicit ilis< 
tilling plant anti niiitcnnis m Irclailfl, anil 2 in Sculland. 



vm 


IKPIVTIWAI A1A)H0L 


SOI 


optTRttunH} it (fNiJii m)t lie puit'haMMi fntjii a rt'lailor itf inp(li;ilAt<*<] 
bpint, but only from a iiu^thylator. uml the iimt m» mibjtNl to 
Kxcim* BiipiTvibion 

Til 1801, however, the um* ctf thia fc)Hrjt (whioh HuhMH]uentl} tame 
to he (leMTilMHl as ' ordiiuir)' ” niethjlAletl apinl) wati (*tm(iiU‘ti to 
inamifiietunng piiriHHiOH l^)r doineiitie aiuI general n*(|uin‘iiM‘nlH 
a iniiiemliHetl" niethvlatet] apint wah hntiighi into uBt*, thm 
ronsibtetl t»f the alune *'ortliiiary *' Hpint with un athlUion of 
0,370 |N‘r cent of mineral implitlm (pdroleiini of a eeitaiiii I'liaraeter 
bee p .312), 

"Huh initierRliMtl' inethyliitetl spiiit hiib reiiunnetl jii iihe up 
to the prew‘iit tune, hut in the year ItMW) the ''orthnary " hpiiit 
WHS iiKKlilitsl in tsiiii|K)hitioii AH A rt'siiit of the msmiimiidulnitia 
ot the l)(‘|mitnit‘]ilul (Vuiiinittts* on liitliistriAl Aletdiol ^ It waa 
inutli* (heaper anti jiun-r the redm tion of the pM])nrtioii of wood 
napiilhti from It) ]N‘r (*1*111 to 5 et'iit , and liy tin* i^rantiiig of 
a tehate to (‘oiiitH'iibilte for Iht* eixtiilialisl (>ii)iiin(‘i*i)ieiil of the (oat 
of prtxhiitioii due to Kxeiae sii}H*r\ibioii Hie iiitioiiiil of tliiN 
n*buteut lhepn*seiit tiiiieialh/ }H*r])roofgidl(inofapi]itHiiiethiihit(’d 

In the \ear 1 !H) 2 . howner, nii altenmtixr* to the Ubeof inetlnlated 
spirit was opened to inaniifai tiirt'ra rndei the piovibjoiib of (he 
Kexeiiin* Ail. I!)t) 2 , ahohol mux lit* Niiutmiied for iim* fiei* of duty 
ii‘ arts or inaiiufaetuieb afti‘r ht'iiig siibjts tetl to boitie b;/erir// pioet ba 
of < 1 < nuliinng. iiion* ap]iiopria(e to (he |iurti<u]ur nidubtry, in iukch 
uhett* methxhitftl bpirit is iinMiitalile or detnintiital' Poi>bibly, 
ext>n, (he iihtjhol loiild be iiKtsI 111 a ]iiire slati*. hIiouM the eireum 
btiliices Im* held bv the ('oininishituieis of Ciihtoinb and Kxtibe to 
ie(|Uiie It 

At th(* ])ft‘beni tune, lln'iefttn*, the following xarietieH of alitdiol 
nia\, Ml far as the proxiMons of the law are eonetnit'd, he UHttl fret* 
of duty m the l'iuti*d Kingdom fur induKtiial purpoees < 

(1) Mineralised methylated spirit. 

(2) Industrial methylated iplrit. 

(3) Alcohol specially denatured. 

(4) Alcohol not denatured. 

Wii proets^d to deaerilie tbeae in aoine detail, adding a few nutes 
as to the t*hief tsindithina iiiitler which eatdi variety may be oanetioiied 
fur use 


(I) MINKKAMSfiD Mh^THYLATEl) HPJKIT 
Tina conaiata uf a mixture of 9 voluuiea of ordinary ' plain " 


* <’«l. 2472, 1005. 
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apiiit and I volumr of “ wood naphtha,” to which mixture has 
been addod 0 37S per cent of ” mineral " naphtha ' It contains, 
therefore, practically 10 per cent, of wnul naphtha. (For a descrip¬ 
tion of theao two kinds of “ naphtha,” see later on in this section). 

Hip plain spirit usi'd for ineth\lsting pur|inses must not hp of 
lowpr strcnftth than 60 ovpr proof No hiidier limit of strength is 
laid down hy the regulations Instead of plain spirit, colonial rum 
of strength as low ns 20 over pnsif may he used, hut in practice 
rum in now never methylated, rsually the strength of the spirit 
employed for incthylating is more than 60 o p. No duty is jnid on 
Uritisli spiritK used foi making ineth\luted apirit ; and fonugii and 
eoloiiial spiiits so iimsI an' exempt fnmi the ordinary sjiirit duly, 
hut (lay a Hiiiall Cuatoms “ surtax ” of a few {a'lire ja-r gallon Tlie 
idea of this surtax is to comiH-nsutc for the e.\tra rest of alcohol 
inamifactim' in tins eoiintry due to exeise restiietions 
Methylalixl apirit mav only he made hy distilleis, rectiliers. nr 
licen.'wd metlivlators It n, in fact, chiefly made by metliylutors 
Spirits for methylation come fnim Customs or Kviise duty-free 
wan'lioiises aecom|iniiied liy ollieial |K'riiiits, and are receded hy 
revi'iiue otiieers who exninine and elicik the slieiigth ami ipianlity, 
and MSI the sjiirits run into the iiiixnig \uts To the sjiint in each 
vat is then added one-miith of its hulk of a)iprowsl woisl najihtha 
The contents of the vat have to he thoroughly mixed, the total 
ipianlity and strength again iiieasnnsl, and tlio liipiid then fnithei 
iiiuihI Writh tlin'c eighths of one pr cent of n]ijiniMsl mineral 
naphtha The vat and its eontents an' then hundisl o\er to the 
inethyhitor fur disiaisul in ateordniux' with iireM-nIx'd n-giilatioiis. 
Not less than 6INI gallons ol metliylated spirit must Is- made at each 
mixing, 

Minernlisisl nietliyhited spirit is the kind which is ordinarily 
retailed fur hurning, doiiiestic, and general pur]Hisra It may not 
be punlitxl, and it is siihjeet to the general restriction laid down in 
the S)Hrita Act, l«tW, s 13U ~naineIy, it may not be employed in 
making any article capable of use as a beverage, or internally as a 
medicine Any quantity up to 6 gallons may ho sold hy retail nt 
one time, but the seller must be duly liecnsut fur the solo of methyl¬ 
ated spirit. 

This iiiinenilised spirit is very useful for a large number of purposes, 
liiit it has one marked drawliark 11 bceomes turbid on dilution 
with water by renson of tlie mineral naphtha bring thrown out of 

' tjiufs'June t!llS,tls>miiirrwtiMHlspinc hiuatsi bi<eiionIoured withnsithyl 
violet 
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bulutitiii Thii* |mi|HTly mlorforra tMTtMonally with i(h (iii|ilny- 
iiirnt where a tliluUMt Hpiril Im niininMl 
The ah'dholio htmigUi ef iiiiiimliMMj metiiylattil Hpirit » UMually 
i'iOkt iilNuit 01 inor priNif, ttr alNHit <U'' i>\it jinKif The Ketieral 
rsiD^i* may U* taken aa frmii til)' in til o p, tlH»N}'h, e\i*e|i1intin)ly, 
hpinti' i4'4 hm iV< aK «>i tut hij<h ns 00' n p iiia\ he met niOi I'akiiife 
the axera^ie (»trent(th uh 02 up, tin gi’tienil enm|KMilioii uf the 
Kpirit may In* expnMHNl an fnllowK • 

Mlneraltsed methylated spirit at 62 oeer proof. 


I'ei mil 
by volufiH* 

KthvUMinl NS 05 

Methyl .. : 73 

KetmH'H enh iih iiMitiiH I nj 

hMeiN „ iHi'ltile <M3 

I'liwitMiiind flh nIUI hIcmIioI e IIH 

Ihisti Ut)*.! 

Mite III) iiitiililliii 0 SR 

Uiitei 111! I 


loko:! 

Nriri; 'J'lir siiin uf llic M'lmrati- jirit'i iiIiikch ih fai'iilf-r (liuii 
im). Ihviium' (initialtiiiii ik'iuik Hhiti niili-r in iiiiMll iiitli iili'ohiil 
Analysis of mineralised nuthylatadsplrllt. - Thin unluianl) nwilvoa 
ilsi'K into a (ll•tl•rl■llnatl(lll of the alinhiilic iit[cii)'lli. end (lie (wtinm- 
liMii III till' iii('lli}l alinliol, ni'i'tiinr, and iiiiiiiTid nejihtha, witli an 
I V.iiiiiiiatiiin 0.1 to vlirlhiT any a|i|ii('cinlil(' aniiiunt of irsidui' is 
ieft (III rva|Kirati(in Dcrnsioniili) tlic |iio|Kirtioii of estem may be 
ri'iinin'd A iHerminatiiin of the n'liiumin); ciiniititiii'dlK is rarely 
nanti'd I'xci'iit for ajin'ini jiuriHiM'S 
Aleoholie strength. This is giii'ii with siiflicinit nriuracy for 
iiiii't nunin'iimils by tin- hjdniiiictcr, or li\ the spoi'ilii! graMly 
taken din'd »ilh the ji,\kiiinni'trr, nilliont diHfillalion or jin'liminary 
imriliiatHHi of Ihe Mini|il(' If il in ilcsinKl to n'lnovr tint iiiiiirral 
iia|ilitlin. together nitli the hulk of Ihe oietoiie and the hiiiiiUer 
iinpuntien, the diluted Miniple is naluiiitisl uith loiiimon salt, 
extraetisl uith |H'tnileuiii ether, and distdiisl as din'eted on |i. I7tl 
(Thorpe and Holmes's iiiethisl) 

Hethyl aleohol. - This is lonreniently deteriuiniKl hj the inodifiea- 
tion of Deni(!#*'s method deserilx'd im p 183 The sample, purified 
if necessary, in diluted uith water until it eimtaina Itl jut cent, of 
total alcohols by volume, and then further diluted tuenty-fold 
with ethyl aleohol of 10 per rent strength. Kve c.e. of this diluted 
liquid ate then oxidised with potoesiiim permanganate as deeeriiied 
(f^ cit.), employing standards for comparison uhieh contain from 
0 0015 to O'OOS gram of uwthyl alcohol. 
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Example. Np pi nl siiiiplr ON24I !K!K imt ii'iit Ilf tiilal 
ali'iihnl («) Ten cr ililiili-il tii 04 H I’l’ nith watiT piM' 10 j«T 
I'i'iit Ilf tiitHi iilcoliol (fj) Kivo ('(' Ilf tliiN Hi'H' ni'xt (liluliil to 
100 i-f »itti cthjl aliiihiil of 10 |KT ^•l•llt. strciipth (r) fivi' i-.r 
Ilf tlio Miliitiiin obtained in (b) nere oxidiiieil aa dim ted, and the 
eiilonr imHlneeil niia ei|iinl to that piven li\ a Htaiidanl of 
0 0017 pram of nietliyl aleiiliol Then 

T ? "m ,,7^ 


iili'iihiil b\ viiliiine 

.'MlernatueU. 'I'hiiria- .mil llnliiiea'a iiiethiHl nf estiiiiatinp the 
iiielhvi aleiihiil li\ iiviiliiliiin In e.irliiin diiiMile iiiii\ lie eiii|ilii.M'd , 
Hee('liii|i VI 

Acetone, -Tina la deteriiiiiii'il li\ Mii.aiiipi'r's nielliiHl .is flesiiilied 
miller “ Wnial n.'i|ihllia " (|i :I'I7), .'i ee iil the siiiii|ile lieiiip iisi'd 
iiisleail III 0 ,'i iiiid lheiali'iil.iliiin MiiHliliislaiTiiiiliiipU .\ ' hliiiik “ 
ex|i"iiiiieiit m larried iiiil .it the Mime lime on pine aleiihnl nf tin- 
name Hln'iiplh, and the reMiilt dnliieteil finm that pueii In the 
Kiimple. 

Mineral naphtha. - l‘'uee e nf the spirit an-diluted tn .70 e e uith 
nater in a plans eyimder nf aliiait 3 i in mlerniil di,imeler. niiil the 
nimlenis'iiee pnnlueed is enm|uili'il »lth Unit piieii li\ a slandiiid 
misliin- under the .iime isinililiniis 'llu' stand.nd shniilil lie nl 
iippiiiMiiuileli the Slime iilenhiilie stii.nplh ns the sample, and is 
eimipnninl nf plain spirit and unnd naphtha in the pio|Hiitinn nf 
9 \ohimen to I, Inpelher nith kiinun ipinntitii<s nf mineral naphtha 
The pnipnriion nf the min -i.il luiplitha is \arieil until the np.ileseenee 
prndiieeil on diliitiim nuilehen tliiit nf the s,imple under exaimnatinii 

Esieie, Ten ee of the spirit are eiiiefiill) imitriilised uith 
deeinnrmal soda nnlution after addition of tno ilrojin of pheiinl- 
phtlnilem indieiitnr. then a further ipiantitv of 4tl ce of the soda 
sniiition IS addeil, and the mixture heated for t»n hours in a niher 
pressiin' Ihisk on the steam-bath or, nlternatiM‘1}, laiiled in a 
plans flask under a ndliix eondenser Tlie evens of alkali m then 
titrated with deeinornuil siilphurie aeid .\ “blank'' exjHTinient 
ia made with 10 ee of water under the same eonditioiis Kaeh 
enliie iviitinietre of .V Itl-siala umhI iip in Imlnilysinp the i-atera in 
the sample n'presiMits 0 IK)74 pmm of eaters, ealeulateil as methyl 
aeotate 

UnsaturaM compounds. -Tliis determination is earned out in 
the same way ns the broniine deeolorisation test for w-nod naphtha 
(p. 30.7) Instead nf ,7tt ee nf the standard hmniide-hromate 
solution, howei er, mil} 5 e e. are empio} lul, and 1 c.c. of acid inatead 
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of 1(1 or IliiK quantity of tlio htuiulanl solution is oquimlont to 
(t ()o ^1111 of bromine, or to (I O212o o v itf nnsuturatod rnm]»oiin<lN 
ralouIatiKl ur allvl Alcohol 


(2) INDrSTKlAL MKTnVLATKI) SIMHIT 

'Phis IH A iiiivtiin* of 10 voIuiiu^k of ‘ pliiin spirit uitli I \ohinic 
of v(Nx( naphthu It iIiIToim, thon'fo^^ fi-oni (ho niiiuTaliMHl " 
spirit 111 ooiitiiinniK no inmorAl imphtlin. iiihI in haMn^ only oiio half 
tho pioportion of moimI naplitha 5 )mt oont iiistoad of 10 |N»r 
loni It is tho x.iriotN of iliitv fioo alo(»lioi oliiolK usihI in iimnii 
laotiiios Sitno i( h iniioli piiroi than tho iiiinoraliMHi spiiit. it ix 
siibjot'tnl to (Itssor sii|NT\isioii us a«h(‘( k upon possihh* inaipmi'tioos 
It IS ii<»| alhnusi to ho solil U\ n-tuilors, it oiiii oiil\ In* olituinoil 
tiom inotluKilois und in ipi.uititios of not loss than o pillons at 
II tiino I'lirthor, tho usit must ho spooilioull\ luithorisisl, l>^ (ho 
(‘oniniissionois ot rusloins and Kxoisj*. to mcixo tlio Rpint for 
diilv approx mI piiiposos anil ho cannot obtain it except ii|K)n tho 
prodiiotinii of tin* oniual '* m|insition.' uhic-h is not grunted until 
(ho aiithoritx has Ih-oii duly issued oin|Hmonn|; tho )irospo<'tive 
us(>r to loeouo tho spirit The ohiof loslnotion ii|Nin the 
to nliioli tho indiistiial inothvlatisl s])iiit max Im* put in that it 
mix not In* iisisl in hexorauos, or |)eriiiiiios or in innlii'iiieH to ho 
takon intoinalK It is alloxxid to ho used hoMoxor, ah a solvent 
in pi'o|Niiiiift moduiiitil o^t^alts fioni inidi diii^s, provided all (ho 
spin! Is uftorxxaids expelled from the I'xtraots It is omplo,xed 
also tor oxtraitinu and i r\stallisini{ ulkaloidH and other solid 
modtcmal siihstanii*s. as xxell as for tho production of ether, ohioro- 
form, ihloral, and ethxl hromido. ohionde, and uMlido, in xxhioli 
(he alcohol has iiiideiffono a inoleoiilar transformation, and no 
longer remains as alcohol in the tiiiishis] pnxluel Hiinilarly, 
iiidiistrml nu'thxlatrtl apirit may he UH*d (und<*r authonty) in tho 
4 ‘hcmical operationH iiixoIxmsI in making sxnthelio iierfiimea, but 
max not In* (iresent as such iii |MTfunicd Hpirits Kwovery of (he 
inethxiated spirit by duitillation fnun extractfl, marcs, etc, is 
generally {HTmittod. proxidtsi tho spirit iu not ]niiircd in tho 
process Vsually the rwovensl alooliol is rcquirwl to bo uaed again 
for the hnme purpose as it xx-as originiUly employed for. 

McdicHincnts intended for externa! use, such as soap liuanient 
and also certain hair lotions, tnay legally bo made, under authority, 
with induhlrial methylated spirit, ]»rovided always that they arc 
not capable of internal use, or of enijiloyment as jwrfumes. 
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The Rverafie rniiip(MitHin (if iniliiirtrial inrlhylRted Hjiirit, taking 
the atmigth a* 62" over proof, may he e*prett8<!(l an followa •— 

Industrial methylated spirit at 82° o.p. 

I’or (Piit 

« hy vohtirM*. 


Kthi) fili'ohttt . K7 (12 

&foth>l .. 3H7 

Ki'toiii's calf iilalcfl a«< ai'ctDiin 0 r>l 

KMciiia nirtliyl nt’t>(atc 0 

lliiiwItimtHl (‘iiiii|kiiiiiiK calrulatcil hh allyl nlcfilml 0 04 

Hkkic „ „ )iyri(liiic 0 01 

Wali-r .. . 9 2I- 
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At It Ntrength of 01" op the proportion of ethtl alcohol is 
H7'.Vi |K'r cent , anil at tW" o.p it is KtHIfl per cent 

Analysis. The onnlyaia of induHlnal iiicthylalcd spirit is earned 
out in the way alnwily deaerilied for tlie nnnemliKed viiriet,\-- 
oinittiiiK. of eourae, the parts relating to mineral naplilha In 
estimating the methyl aleiihol liy IVnigi's's pnsesa, iifti'r diluting 
the spirit «ith water to HI |a>r cent iileohohe stnaigtli. it mil only 
lie necessary to dilute furthiT tea-fold with 10 per n-ni etini nieoliol, 
situs' the pni|xirtion of methyl alcohol is only one-half of that in 
the minemlisisl spirit. 

In order to olitani authority for the receipt of iiidiisirial iiietliyl- 
ated spirit to lie umsl in mannfuoturrs, application should m the 
lirst instance Im' made to the local Siiis'eyor of Customs and Kxeise, 
who will supply a form of application and gi\e the applieiint all 
necessary pn-liminary information Pmiision must he made for 
the prn|x'r storage of the s|iirit, and certain premises are ineligilile- - 
ry., those on which spirituous lii|Uors an- distilled, or sold for 
eonsumplion on the premises tVliere the quantity of industrial 
spirit required is more than 511 gallons a year, a luind for the jiniper 
use of the spirit must usually he given This may he done eithiT 
with personal sureties or through an approved guarantee sm-iety. 
Wheni a still is kept, and in other special eases, hond may be 
requiml for siiialler quantitk's than 50 gallons Authonty to 
reoeive the s|iirit is sent from headquarters after the Surveyor has 
forwarded the completed form of application and his rr)Kirt upon 
It When the authority has been granted, the recipient is supplied 
with a hook of “ re(|uiaitions " enabling him to obtain the spirit 
from a methylator: no industrial methylated spirit is obtainable 
without an official requisition. Uecasional inapeetiniis of the 
premises are made, to aaecrtain that tiie spirit is not bring used in 
eoutravrntion of the authorisation; but on the whide the regula- 
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tioiw atv nut unduly irkminip On the nuilrory, nmiinfnclurrrK 
tntify that they work quite anicntldy and nuuly 

Noth —As a trmpoiary war inrasurr. in order to coiimtxi' llio 
supplies of wood-naphtha, (he eninisnitiiu) of iiiethyliited spirit 
was niislified in June, lillH Two kinds of " industrial " iiiellijl- 
ated spirit were issueil 

(1) " Ordinary,'’ roinposial of. 

Wood naphtha . 2 U penviil. 

MimTal „ II .t 

ttpirits . U7 r> „ 

(2) " Speeial," composed of. 

Wnnil iiaphltia 
Spints 

11100 

The eonifsisition of “ mineralised ” iiiethtlatnl spirit was altered 
liy mliieing the pro]Kirtion of wihnI iiaplitlia fniiii 10 ]H'r cent to 
n jier cent. slightly inerensuig the |s'n‘enlage of mineral naphtha, 
and eolniiniig the mixture with iiiethil x'lolet llie ]imdiie.t was 
thus coni|iosed of -- 

tViirsI liuphllia 0 0 per mil 

Spirits . 110 U 

I lain 


IflUO 

.I 0 pel rent 
9*0 „ 


together with an addition of 0 .i |irr rent of iiiiiienil niqilitlia , and 
to each 100 gallons of the product, 0 02o of an oiiiire of the aniline 
dye, methyl violet lixii'iit as riTjards the isiloiinng matter, 
tliiisr iiiiHliKratioiis were withdrawn in January, 1010. 


(.7) SI'ECIAUA'-IlKNATritKI) AM'OilOI. 

Seetion H of the Finance Art, 1002, which forms the legal aiithonty 
for allowing in certain rases donatiirnl alcohol other than methyl¬ 
ated spirit to be used free of duty, runs as follows 
“ (1) —^Where, in the ease of any art. or niannfarture rarried on 
by any person m which the use of ajiirita is rrquinsl, it shall be 
proved to the satisfaction of the Comniissimicra of Inland Itevrnne' 
that the use of methylated spinta is unsuitable or detrimental, 
they may, if they think fit, authorise that person to rcerivr spirits 
without payment of duty for use in the art in' manufacture upon 
giving security to their satisfaction that hr will use the spirits in 
I Kow tho (ioinmiMonon of Customs amt Exam* 
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the «rt nr iiuiniifiu'liin'. anil fur nn iiIIiit iiurpoM-, nnil tin- spirita 
w> iisiil sliall la- CM-nipt fmiii ilut,\ 

‘ (2) Till- iiiithiirit,\ ahull only lii' tciuiitial Huhji'ot to a rnni- 
pliiimr Hith Mil'll ri'Kiilatiiiiui uh the Ciiinmiwiinni'rH may n>quin> 
till' applii'ant to iiIuutvi' for till' wi'iirity n( llii' rnM-niio, anil ii|ion 
l■l>nllllll>n thill hi' nill. to thi‘ aatiufai'linn nf tlir ('ominiHHiiiniTH if 
an ri'qiiinal hy Ihi'iii. n'tiiliT the apinta iiii|a>tahli‘ lii'fon- anil iliinn); 
llal' " 

It uill III' na'ii that tin- ('iininiiasiiini'is nf Ciiatniiis anil Kxi-iar 
liavi- nlianliiti' iliai'n'tiiiii in tin' iiiatti'r nf Hani'tiiiiiin)! tin* IIM- nf 
tliia larii'ty nf ali'iilinl A I'nnilltinii miii i/iin mm la (hat iiirthyl 
all'll spirit must la' " iiiiaiiitalili' nr ili'lrimi'iitiil fnr tlir |airliriilar 
piir|inM' In ulili'll it la prnpnaial In put till' illi'iillnl (If inlllsi'. till' 
rnmiiiiasiniii'ia iiiiiat Ilii'lliai'Ui'a lin till' jiiilj^a nf alial I'linslitiiti's 
iiiiaiiitahiliU III till' m'liai' nf tlin I'lini'tiiii'nl Thai it must hr ,i 
liriaii Jiili' iiiihiiitaliilitv ilia'll ai'iiii'i'ly hr aaiil It liiia In hr hninr 
III iiiinil lluit fnr till' Kia'iit iiiajnritv nf iisra In ulilrh uiiluslii.il 
aliaihnl la pul, thr iiirtliyl iiliiihni iii iiirthilntial apirit is just as 

arrviia'iihlr ,ia llir rlhyl alrnlinl. anil (hat althniif!h iiiiliialnal 

iiirtliylatial apiril. Inr iiialniiri', la ilrnatimal »illi .'i ja'r iriil nf 

" unnil miphllia," yrt fiiiir-fifths nf Ihia is iiirthyl aliailinl In 

fart, as a j’laiirr al its i'niii|aihilinn (p 2!lli) uill slinu, thr Mihstiiiirrs 
nllirr Ihiiii airnlinia anil uiitrr in iiiiliisliial mi'lliylatial spiiit air 
\rr\ Miiall iii .iiiiniint. Inlalliii); Iniihnut (Hi |a'i rriit null Hriirr 
Ihrn' an'. n-laliM'ly. iint a jin'iit iiiaiii mnniifaiInline iri|uiiriiiriita 
lor uhii'li tills fniiii nf iiiilustnal .ilrnluil is m am aiilialaiitial w'lisi' 
rlrlriiuriilal 

Snnir siirli iri|Uiiriiiriits. hnnrirr. Ihrir an' In Ihrsr rasrs. 
airanei'iiiriits an' iiiuilr fnr apphraiils tn naa'ivr iilrnhnl iiiiilrr 
iHinil, In hr ilriintiinat at thr plaia' nf iisr uitli anmr sjaa'liil 
ilrnatunint aiiilahlr tii thr ninnufart.nn‘ in qiiratinn Ilir ilr- 
luituranl may hair nn |iarlirntnr n'lalmn In thr nianufartiin', hut 
may la- rlinai'n simply to n'niirr thr alrnlinl unpniahir ilurinj; iim' 
fnr raaiiiplr, hnnr nil in thr niakinj! nf fiilminatra On thr nthrr 
haiiil thr ilriiatiirant may hr, anil nftrn la, siimr suhatnnrr whirh 
IH rm|ilnyr(l in thr manufartiin' itarlf, anrh ns anilinr in thr pn'para- 
turn nf unilnin ilyi'atiitfs 

Thus thrn> la ismaiilrrahln liitiliiilr jaassililr in thr rhnirr nf 
ilrnaturanta to unit ajirriul I'irrumatBiirra In fai't, onr nf thr 
lamrlusions of thr Induatnul Alrnhnl Onininitti'r' ia that " Where 
a|iirit ia um'II fnr iniluatrial purpnara. thr Finanrr Art nf 1002 
pnii kIi'U ailripiatr anil rntirvly satiafartnrr machinery fnr acrnring 
’ I lii'isirt, p 11 
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fliat tlir h\m\ iiiii\ U' umhI in a niiitlitKiii tli.il is siiHnlili* and 
Hp|iro|iii<ilr tfi jmrtii'ulnr |Mir|Mihc of in.inufiK (lire The 

inaehiiiery is elastie niueh mon> so than is (lie eoires|ionihii|; 
iimehinen m fjeniian} and it |jernii(s of e^er^ nasonahle iinaess 
of ilenatiinn^;. or e>en m the la^t resort, of (he use of s])iii( in n 
pure state K(»r more than (his it aould lu* inipossiltle to ask '* 
Ren/ene, Aniline. Iwine <iil tuipiiitints iietroh'uin ethii. anil 
p\ridin(‘ are aiiioii); the most frecjiuiitl;^ us’d deiiatiinwits other 
than Mood naphtlin 

The general pnneiptes u|miii nhuh the autlionta's iidiniiiisler 
the niifiortatit (‘ii.ietment in «|uestioii an* explained in a minute 
Issued h\ the Roatd of Inlaiid Reieiiiie in .liiK, J!MI 3 , and (pioted 
in an appendix (o (he eiideme uneii hehae the liidtisliial Aleohol 
Comiiilltee \ftei giving the teiiiis of (he \((, the iiiiiiiile (slighth 
ahiidged here) posissls 

It IS 111 the tiist jil.iie to he observed that the privihge of using 
spiiit dilt\ free, as eoiiteniplat<sl In the Mutioii. is to he a ^Mismial 
privilege, entailing personal ohlimitions on the (leranii ei persons 
to uIkmii it IS graiiltsi it follows from this that then* ran he no 
(jiiestion of till* Ihsird s granting aiiv geneial lUithonl) nmhT the 
stH'tioii to 4 hisses of |M‘isons, hut that eaeli jiersoii or ixah of (ii'Imidk 
who (le-iies to ohtaiii (he Ixiielil of the seitioii must make separate 
appih ation to the Roaitl who will 1 ‘onsidi i all th<* < in iiiiisliiiiees of 
eaeh "•paiale applieation. and foim tlidi jiidginiml upon them 
* At the same tniH’ il ma\ In* jHissihle tc* mdieate lertam 
elassis of <ases to wliuh lh<‘ helielit of the Hsiion (oiild not, in 
Hiu eiKiimstniHes, he eomeilod 

Kehiie (he use of dutv flee spin! lan he aiithoiised. two imiiii 
eoiiditioiis must In* fiiltilhsi, ?/? 

(<i) It niiist la* provi'il, to (he satishntion of (In* t'oiiiiiiisstoners, 
(hat the use of methvlated spirit is iiiiMiitahle oi detiiim*iiUl for 
(he partu'iilar pur|)OKe , and 

"(/>) ITie Mriiritx of the n'M*niir must Ik* guaranteed hy KUeh 
imsuia AS the ('ominisHioiH*rs mA> nspnn* 

'IlieM’ eoiiditions an* euniiiiative, not allernalivi* t'lileaK 
iMitli can Im* fulfilled, then* ean he no (piestion of a giant <if the 
authority rontemplat«l hv the wetion In reery earn*, Uierefon*. it 
will be necessary to y'rutiniMo the objeethma (hat may he alleged 
to the Use of melh\hit<Hl apint. and it ia onlv after the validity of 
Mich objet'tions has been ailiiiitted that it will lie ni*ceH8ary to 
proceed to consider whether, or by what means, the MK'iirity of 
the revenue ean l»e guaranU’od 

■* It was cxplieilly stated in the Houmc of Commons . . . that 
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Ihn (VjiniiiiHHiiiiiiTH nlioulil raerciw* tlir (lim‘n>(ion (-(infriml upon 
thorn with ijrrat onution ind with a vitv iitriot lofrunl to tho Mruritf 
of tlio n>vonur; nnd tho Board thomM-Ivoa fool that no <ithcr attitude 
noiiid liii (xiKHiblo for Ihotn. 

"Tlioy intoiid, thorofora, to inaiat on a atiiot oliM-rvami' of the 
linwrilNxl ooiiditiona m o\orv onao in whioli thoy ina,\ inanl ait 
nutliority undor the aorlinn, ami thoy will not hoailnto to njivt any 
iipiilication in n-H|i(!ot of whioh it ap|N-ara to thoin that tho ooiiili- 
tiona am not, or cannot bo, adequately eotnplied with 
“ Kurthor, aa tho duty on apirit is ao heavy, they ooiiaider that 
they may |)roperly respiire that tho advantage to ho otitained hy 
tho iiae of ihity-froe apirit ahinild he aubatantail, and that the 
h*‘nofit of tile ais'tion ahoiild not lie aieonhsl in eases of tniial 
iiupurtaiKS- or in tho purely perMinal inlereNta of nuliv ulunia 
“ In aeeordaiieo nilh lliisie prineiphv, the Koani will lefiiae to 
I'ntertain appljeationa , (a) When' the use of metliyl,i(eil apirit ia 
attendisl hy only alight and iiiiiiiiiterial iliHadrantiiL’e , (h) Where 
the HiH’iirity of the revenue eaiinot ho giiaraiitiss] with n'liMniahlc 
is-rtainty. and at reasonable (SMt of isiiivenienee to the depiirtnieiit. 

“ It ia iiianifoat that then' niiiat he many eaaea in wliieli the 
pnitoetioii of tho revenue would he inipoadhie, if the iw of duty- 
fns' apirit nen- |K>rimtt<sl, and of these then' niiiy he iiientioiiod 
tho following - 

“ (i) Tho manufaeture of iirtielea iiitendisl foi hiiiiian lensunip- 
tion, aueh aa iiiodioinea, tinoturea. and eaaemea 
“ (ii) Tho manufaetnn' of artielea not intended for liiiinaii eon- 
aiimption, but eapablo of being ao UM'd, if niiide with pun- H)nnt 
or with apirit only teiii(aiiarily rondensl iiiipotahle, aueh aa |n'rfuiiioa 
or apiritiioua iiiixtiin'S for piirjioaes of illunimation or of geiieiution 
of boat or mutivu ]inwer 

“Ah rogarda eoaoa to whieh tho beiiofita of the aeetioii iiiiiy Iw 
exteiidisl, the Board may say generally that they will Iw dis|xwed 
to entertain favourably applieationa 
" (1) From recogniacd liodiea fomiod fur the adraneoniont of 
aoioneo, or of seientifir niueation, and nxiuinng the use of pure 
apirit in proeeaaoa of n-acareh or of lUuatration, . . . 

“ (2) From persona engaged in an inilustriaf eiitorpnac of such 
inagnitudo and inijiortanco aa to give it a eharacter of public 
iiitoroat in ita bearing upon national trade. In any aueh ease the 
eonooaaion will commonly be made aubjoet.to an obligation to 
rendor tlic apirit unpotablc before and dilni^ uae, hy aueh nioana 
as may be found to be moat appropriate t<< the particular eiroum- 
stancos of the manufacture.” 
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In accordance with these principles, a considerable quantity of 
apecially-denatured a)iirit (alxiut three-quartcie of a million proof 
goDons in the year 1913-14) is authorised for use in certain nuinu- 
(setuies. Kxplosiv'ea, dyeatnifs. ctdluloid ])mducta, and various 
fine chemicals arc the chief substances for the making of which 
this form of duty-free alcohol is required Persons wiidiing to 
obtain authority to receive sup]>lies should in the first iustanee 
refer to the local Surveyor of rnstonis eud Kxciso, who will give 
any infonnation that may he necessary. 

Methyl alcohol, if of suiKcicnt punty to la- classed ns " laitalilc," 
is linhli- to duty at the same rate as ethyl alcohol, though it is 
i‘xeuipted from the “surtax" on iin|mrtatiun Pn-\iously to 
July. 1918. It was allowtxl for use fn-c of duty under Six'tion 8 
of the Kinance Act. 19tl2. on similar hues to thoM- adopted for 
ethyl alcohol, except that, in accordance with a nromiiiendation 
of the Industrial .Vlisihol I'oiiimittix' it was tn-atixl nioiv leniently 
in the matter of deiiiitiiniig 

Since the date iiieiitioiiisl. the use of methyl alcohol has liism 
made dill moil' free to iuaiiul,ictiin’is It is now allowixl with 
fewei icstrictions, .iiid in geiici.il without denntiinng. for making 
line cliciiiiciils, uinh-r regulations siiuilai in the mam to Ihoac 
goieriiuig the receipt and use of iinlustrial metliyhitixl s|iirit Ibe 
pur|Miscs lor which It IS rixpnicd must Is' duly spixiliixl to, and 
nppiuicd liy. the I'omuiisMoiicrs of Ciistoiiis and Excise Eor iiw 
in heicriigis or spirituous |s'rluiiics the icccipt of nielliyl alcohol 
is. of coiiisi', not iillowcd . and the authorities iinisl he satisfied 
that industrial mcliiiinteil spiiit is iinsiiitublc or ilctriiiientnl foi 
the pur|Kises ill question 


(4) AI/DHDL XliT DK.V.ATL'KEI) 

Although, us iilii-ady remaikisl, the law in this country permits 
the use even of purr alcohol duty-free fur industrial piirposi'S, yet 
in practice siuh use is very liimtixl, so far ns ethyl aleohol is coii- 
ceinisl. The fact is that tlio iiiuiiufai'tunng opeiations nxjuiriiig 
ethyl alcohol arc |irartically non-existent in which either a neutral 
substance such as Is'iizene. acetone, or jirtnileuin cannot. b<> eiiiplu} cd 
as a deiiaturant, or else somo ingmlient, reagent, or {inxluet of the 
manufacture itself utilised to render the alcohol at least temporarily 
unpotabic Hciu'e so far as manufactures are conceined tlie jiro- 
risiou is almost inn|S'rative in respert of ethyl alcohol, thou^ a 
considerable quantity of methyl alcchul is used in a pure state free 
of duty. 
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The iiuth<iri(ic>i, hciHctcr, iiitorini't "iirts" in tin* ntntutr as 
lnl■lu<lin|' ti'achiiif; and Hcuiitific rcM'iircIi oariiMi out at ]inl>lic 
inHtitiitiniH, and for tlicM' |iur]ioM‘s alcohol is allowisl to he iiasl 
duty free without denaturing A aiitmtantiai (jiiantity of jiure 
ulcohol (ethyl and nieth\l) ia ikhuisI under tliw pniMsion to iini- 
veraitieH, eolleKea, and other tslui'iitioniil iiiatitiitiona. tlie niiniher 
of jmKif pilona during the ,>enr llllll 14 for inatanee, heing 7,849 
It mil} lie mentioned that iiiiieli niisionieplion has existed 
i'eh|ieeting the priiilegea uliieh (ierinan niiiniifaetiirers have eiijined 
with n‘gnnl to the use of pine aleohol free of dut\ Tina point 
ana a|M-eiall\ inqiiin'd into liy a auleeonnuittee for the inforniation 
of the l)e|iartinentnl ('oniinitlee on Indiistrial Aleohol. and the} 
state einpliatieallv that, uitli the exeeptioii ol e\)iliisi\es. "no 
article eiiii la' inaniifnetiinsl in (ierniaiiy nitli diil} Ins- spnil, 
iliilesa It he aiilijis'tisl Iwfore use to some pisaess of ilen.iliiini); " 
\s III lliia eoiintry, ulisiliol mill ni (leriiiani lie iisisl in a pure, 
iiiideiiiitiinsl aliite in piilihe ai'ienlilie iiisliliitioiis It mai also 
he iiaisl 111 piililie hoapitula. and lor milking smokeless |H>«der. 
fiiaea. and fiilimnales " For all oilier purposes. Mitlnait esiep- 
tuiii. duty land ajiirit must he usisl. iiii/isv the spiiil he suhjeited 
to H'inie nnlhuriMii pna'csa ot denutiiiing piioi to use" 

Possihl} the miai'oneeption alluded to aio.se fioiii the hut that 
at one time aiHitheeanes. doetora. and otheis were alhmed to ilse 
pun- ahsilinl duti -tns' in the pn'|uimtioii of some eight} ImitiiiS's. 
spirits, ami liipiora iniide aeeoninig to the lorimila- ol the (lerniiin 
plinrniiiisipieiii and other aiithoriaed tormiilie, ami also for eom- 
poiinding doetora'preaeriptioiis .Vhiisi's. hoiieier. iiept in and 
the priiilege waa nillidrnnii m MHU ' .Ml mislienies Isim' now 
to In' pre|aiied with duty-paid apnit " 

Immature spirits. 'I'he - Immatiire .Spmts (lleslne- 
tioii) Act. Itll.'i,'' proiides tliat no Kritisii or Foreign spirits shall 
Ih' delivensl for home eoiisiimption unlesa the} liaie his'ii wiire- 
IioiiwhI for a |H'niHl ol at leaat thris' }ears 
Tina n'alrietioii on delivery, howeier, la not to appl} to spirila 
deliiensi Uv diity-/rrr pui|)naea. nor to imxtiirea. eom|Kiund.s. ele , 
pn'pansi with diityjwid apinl. 

Siihjis't In iiayment of duty, if im]ioard, the following sjiints 
an' alao exemptisl from the reatiietmn — 

(I) Spirits delivensl to nsdiliera, niamifaetuniig elieiiiisls, )ierfunie- 
niakeni, or other duly-lieenaed iwraona. 

(li) Spirits fur aeientilie parituaea. 

(lii) Iniiiurteil Ueneva, |ier(niue<l spirits, and fon'ign liqueurs 
Nothing in tho section thus suninuinacd is to interfere with the 
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siippU (if rcvtiKcit HinnlH of hiiip for ninkiiiK iiuilicincs to iiinlipnl 
pr&ctitionpTM. luMpitttU, and |K‘i>ioiih piititlcd to ranx on tin* IniHincha 
of a vhpmiat and (ImeitUit 

Additional duUas arc iui)Kii<c(l liy tin- Finamc Act. liliri. on 
Inintatnri* Spirita nhich havi* not lictai narchotiM'd, (ii have hern 
warrhoused leiat than two .vears Hut thia additional diitt in not 
to la- chart'eil on iinjairted niixliirra vhieli are reeopnim'd liv the 
Oomiiiixnioiiers of ('iistoiii'i and Kvewe as heiii(> iinril fur mriliml 
purpima , and /r;ni/iarnt of the additional duty is to lie allowed 
on spirits to hIiicIi the resirielion on deliiert dis-s not aiiply, if 
aiieli spirits have liisai used for m lent die pur)Hises oi foi iiinkiiiK 
articles iisoKiiiscd hj the Coiiiiiussioik is as irticles iisisl for inedienl 
puijKises 

Inrirniiil duties »eie iiii)niseil on spuds li\ the Kiiiuilie Act, 
lltlS theexiiselew Issiik laiseil to lllls |ST pnsif nalloii. or doiilile 
the pieiioiH tu\ Itiit the iiitiiles iiidieiitisl in the priH'isliiip 
parufiraph are leheied fniiii this nn lease as nell ns Iriiiii the 
“ ndditiniial' iliiti iiieiituiiusl 

Tile elTeet of these enaetiiieiits is that aliohol umsI lor siieli 
pur[ioses as innkiii)' |H'rfunies nisd not Is kept iii viarehoiisi'. hut 
if lint so ke|it for the staliilou peiiod il iiiiisl pay the iiddilioiial 
duty as well as the full tax uliere.is aliohol iisisl in niakiiif; 
“ leiopnised " niednines (or for siienlilie purposes) is ndieyed from 
the .idditioiial duty and juiys only one half the full tax Tins 
relaite on iiiiiiiatiirc s|iirit therefon' loHirs the enst of insslueiii); 
spirituous iiiislieines, and is an iiii|sirtaiit iiiiiltei to iiiiiiiiifaetiiiiiiK 
(heinists 

Certain artii les such as tine tun' of oiaiipe and spud of |S‘p|H-iiiiiiit 
an- not ndniilted to reliate, althonph Irisjiienlly iimsI in nnslieine 
The nsison is that they aiej also laifiely iisisl as perfumes or 
flavourings, and il is iinpraeliealile to distinguish the ({Uiintitiea 
employed in incdieine from tliosi usisi fia other piirposisi. 

The following statistics nsiiss’liiig the use of industrial ahohol 
III the I'nitisl Kingdom may Is- of interest They an- taken from 
the annual rejiort of the CninmissKsiera of Customs and Kxeisi- 
for the year 1111 !> 

(1) Quantity of inetiiylated spirits sent into ismsiimptioii liy the 
makers in the year 1913-14. 

Industrial methylated spirit — .3,253,0(11 bulk gallims. 

Mineralised „ „ -- 1,734,614 „ 

(2) Spirita allowed to be reeeived in a pure state fur use under 
the proviaiona of the Finance Act, 1902. Year 1913-14. 



For uno in Arte and Manulactureo — — 783.379 proof gallcmg, 

„ W'icntific uno (Univenitiea, otc.) ’ — 7,8*9 „ 

Wood naphtha (“ Wood Spirit ”) - Thw is crude methyl 
alcohol, runtainiiiK water and various impuritipH, chiefly acetone 
and methyl act'tate, but often including also small quantities of 
higher ketones, allyl alcohol, pyridine, amines, and other bases. 
It is iinxlurrd by the distillation of wood, os described under 
“ Methyl alcohol" 

Various qualities of wood naphtha are mode, the degree of purity 
depending u|siii the purposes fur which the naphtha is required. 
For example, in the making of furinaldeliyde, and also in the eolour 
industry, it is iin|X>rtant to have the methyl alcohol as free as 
prorticahle from acetone, whereas a I’onsidcralile prugiortion of 
oectime is admissible, and even advantagrous, in wood naplitha 
iistsi os n solvent for resins in making varnishes, {xilishes, and 
laequers. 

When employed ns a denaturant of ethyl aleuhol. wmsl spirit 
may contain a substantial pru|sirtiun of acetone—vaiying, however, 
with the ditfenmt s|H-eifleatians adopted by different countries. 
Thus in (ireut llriliiin the iiiiiximum is 12 grams (H-r KX) e e, whilst 
in France 2o ]ht cent must bo pn'sent A gixxl deal of iinisirtance 
uttoelii's also to the all>l alcohol, and some to the pyridine bases, 
when the naplitlin is iisjuired for deiuitiiriiig piirjswes, since tlie.se 
eom|siuiuls, though present in very small nmmint, help Urgely to 
make the na{ihtha nauwsiiis 

In till) I'nitisl Kingdom tliu wixal naphtha employed us a 
denaturant slioiild eonform to the following stipulations ; — 

(u) Not more than 3U e c of the naphtha should la- required to 
ileeoturisr a solution containing (I .> gram of bromine 
(li) It must lx- neutral or only slightly alkaline to litmus, and at 
least n ee of dccinormal acid sliould be required to neutralise 
2.7 e c. of the naphtlia when methyl-orange is used as the indieator. 
It should runtain- 

(c) Nut less than 72 (wr cent, by volume of methyl alcohol 
(if) Nut muro than 12 grams of acetone, aldehydes, and higher 
ki-tunes per 1(10 c c, estimated as “ acetone " by the formation of 
iudofurin according to Messinger's method. 

(e) Nut more than 3 grams of esters per ItX) e.c., estimated as 
methyl acetate by hydrolysis. 

The detailed description of the examination of wood naphtha in 
respect of these teste, together with some explanatory remarks, 
is given below. 
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(a) Bromine dewloilutton.-~A Htendanl bmminn enlntinn ia 
n»(lp by diai>i)lvinf! 124(1(1 gnma of ]xit««ainiii bmiiiide and 
3 4HI grams of putawiiuin bniiimto m a Iiln> of ns-oiilly Imilcd dia- 
tilW wnttT 

Fifty r r of this standanl solution (-- Oii gram of broinini') aro 
plaissl in a ilask of about 2(N1 ci- caiMi'ily, haring a Hell groniiil 
Hto|i]s'r To this arc added Id c c of dilute hul|iliuric acid (I in 4|. 
and tile wliolo shaken gently After a fi-w minutes the aixid 
na|ihtha is shmiy run fnim a Inircttc into the clior brown solution 
of bioiiiiiie until (he latter is eoniiili-tely dissilorisisl 
This test senes ns a niensiiri' of the allyl alcohol and other iiii- 
latiirabsl (sinipounds Tlie result is usually ex|m‘.ss(sl in terms of 
the rohinie of naphtha n'lpiiml. sims- allyl alcohol Is not, or is not 
know II to Ih'. the oiiU uns,iturn(Kl eoiii|Mniiiil pn'seiit 

(f/| Methyl-orange alkalinity. .. of the naphtha 

are plaied m eaili of two beakers, and (itiatisi uitli deiiiioriiial 
ai id, u-iiig III the one ease a feu dro|is of litiiiiis soliilion, and in 
the oilier a soliilioii of nietliil oriiiige, as indieiitor With litmus 
iisiialK (I I to (12 ee of diriiiin'iiial acid is iis|Uinsl to neutralise 
the iiaplitha With iiietliil oiniige the liilal alkahiiily sliould Is- 
gnaler, at least ,'> or (■ ee of disiiioriiial and being mpiinsl fur 
neutralisation 

'llie diflereiii'e of the two results is the “ nielhyl orange iilka- 
liiiili ” It serri's as a nieasnre of the pyridine and amine basi's— 
thoiigli of eiHirM' onir an approximate estmialion, siiiee then* may 
ls> more th,iii one luisie siilistnnee present It may be expnsised 

ill terms of pyridine from the kiiowlwlge that ... A’/ld-aeid 

()(KM e e pyridine, liut in praeliia< is usually given as the volume 
of dis'inorinal and nspiinsl, in the alismee of inforiiialioii as to 
which iHise is aetiiiilly )iMsluininnnt 
(r) Estimation of methyl aleohol,- Twenty twograms of cimrsely 
powdensl iwline and o e e of distilksl water are jilueisl in a small 
iiaak and coolisl by iinimTuiun in lee-eold wiater. Then 5 ee of 
the wood spirit (at flO o p strength) an' added, the fliiak corked, 
the contents gently shaken, and allowed to remain in the ice-cold 
bath for ten to fifteen mimitee. 

When weU eoded, 2 grams of red phoaphorua are oddeil to the 
mixture of spirit and iodine in tlie flask, and the latter is immedi¬ 
ately attach^ to a refinx condenser. 

The reaction soon commences, and must bo moderated by dipping 
the flask into a cold water-bath (Spirit may bo b»t if the reaction 
la too violent.) After about fifteen to twenty minutes, when all 
Action appeals to have ceased, the water-batlt undiT the flask is 
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gradually hf^atiK] t(» a tomitoratun^ of alioiit 7r>\ mid tlii‘ flank 
fjeiniif (HfiMioiially nhAkt^n ia allowHi to remain at thia tetn|K*rature 
ftir flftmi lo tw(‘nty minutin The Hoiinn* of heat ia tlien removed, 
and the ap]>amtUH left for an hour till it Iiiih eooled, ah(‘n the 
(‘Oiulenwr M n*versed. and (hr meth}l uMlide hIohIv diatilted off 
llrat (It a low teiniN'ratun*, tlie Imtli IjeiiiK alhmed to boil towarda 
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thi) rnd of lliv tipi'ration mil} The mil of the eondmiMT iliiw into 
water in n uirasuring tulie. anil the iixlide w inlleeteil iiniler utter 
and meotureil at a tein|KTaturo of lA 0 ° 

The jierrentage (hy volume) m fiinnd from the foriiiiila - 


c.e. meth yliodidefound x 0 6 47 x 100 
e c. wood xpint taken 


- peiwntage of inethyl tleohol.. 
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<)r nlicn 5 c e of ii|Nrit an* taken 

0 e methyl Halide 12 !4 - |a'n'('nlH)ti' of methyl idmliol 

hlalen and aeetala aloo yn-ld methyl iialide In lliw ]inHVii'<, and 
from the pen'ontnfp* of methyl nieohol rak'uluted ua alaive an 
amount lojuivalent to the |H'n enlace of tlu'M' MiliKlaiii es pn'M'nl 
imiil la- dnlurted I’liirlieallv. hoaever. im-lliyl aeelati- ii> Ho- 
only eom|uniiid UHually found m <|uanlity MdHeH-iil iiiiilennlly to 
alTnt the result The numlier of |!Tani« of methyl acetate |ht 
I fMI ( e of the apirit niultiplieil In I'-'ll.'i p\i-a the eiiunuleiil 
of methyl aleohni to la- dediirt d fnim the total ta-reeiilnge liy 
\olumi- ealeulati-d from the methyl iodide found 

The niethial, it mil he M-en. de|a'ndh ii|Hin the eonveiMoii of 
methyl alcohol into methyl iialiile h\ the m-ll kiioun pho-plioiiiv 
and iialinr n-<iition 

;i(TI,t»tl ! I’ , I, :«TI,I ■ ll/t), 

1'he loluine of tin- methyl aleoliol m then dediieeil from Ihiil of 
the iialide prmlueed Then- an- Mime email ernim in the pna-eei. 
uhieli. liumMT, lend to eoiii|ii-iMite one another TIiih n litth- 
of the ileetoiie may dl-tll over and he |Mrtly dissoKeil In the metinl 
iodide, hut on the othei liainl tnn-ee of the iialide are dih-ail\ed In 
the miter, and trueis of \n|aiur of methyl lodiile^n-iiiiiin in tlie 
Haek , the rffei ta of theae diatuihing inllueiieeh ii|Hin the volume of 
the Iialide tend in ojijanate dm-etiona. and the net ni-ult la hiiiiiII 
The degree of aeiiimiy mth nliieh the \oliinie of methyl iialiile 
can he meaauml in an onlinary iiieaMirmg tiihe la of mim- nn|Hir- 
tnnei- Though not veiy gn-at it Millieea for the piirpow-, and 
uUona of the n-latircly aimple method di-M-nla-d hemg um-iI itiHli-ad 
of longer and mora eompheated prraeMH-a 

A shorteni-d form of the Zcim-I pnatena Ima Ina-ii deoerila-d In 
llemtt and Jiaiea oa applicable to the ileterininalion of methyl 
alenhol in crude wioal naphtha * 

(if) The uetone reietion.-Tnenly-livi- ee. of normal wahuiii 
hydnixide solution an- placed in a Hank aimilar to tliom- iim-iI iii Uh- 
kromine teat (a). To tliia is addi-d Ho e e of tin- naphtha llii- 
mixturc is nell shaken, anil allowed to ataiid five to ten minutes 
Into it from a burette A'/o-iodinc solutiiatiH run slowly, drop hy 
dmp, tlie mixture being vigunxisly shaken all the tune till the 
upper portion of the solution, on standing a mninte, breomea quite 
elw; A few c.c. more of the A’/3-iodme solution are addi-d. as 
to get concordant reaults an excess of at least 25 per cent, of the 

> Trim. Chim Sue., I«l», IM, lO-t 
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Mulinr reijuiml iiiust lx- ])nwnt. Aftor being ehaken, the mixture 
iH allimcil to Htanil Tor ten to fifteen ininutex, anil then 25 e e uf 
Xj I 'Wilplinric neid are added The exeesa i if 
iiHlinc la thuH libiTated. and la tdrated uith 
iV'lll Mxliuni (hiiihu1|ilinfe .uiintinn and 
Mtaivli Half the nuinlKT nf e e of thioaid- 
phale aohition iiseil are ilixlneted fniiii the 
tofad niimlier nf c e uf iixliiie aolution added ; 
the dilfen'nee multiplied liy tl3f(7(i grama 
of aeeloiie |x'r KM) e e of the moihI naplitlia 
Thia ineludea aa “acetone" atty iilde- 
h.tdea and higher ketonea ra|iahle of yield¬ 
ing iiHloform by this reaetion 
If on exeeaaive pro|Hirlinii of aeetoiie la 
pn-aent a amaller ipiaiititi ol Hie naplilha 
la taken, nr the nnplitli.i iiuiy he diluted 
to any euiiveiuent degiia' nitli iiietliyl 
aleiihol free from acetone, and the iimi.iI 
■liiiintitv, t).5 ee, taken the lesiilt, ol 
eniirae, laang eorna’ted aieoriliiigly 
Tina eatimiitinn la based U|ain Lielieii'a 
well-known iixloforni riMetion of acetone, aa adapted tor volii- 
metne determination hr Measinger' The reaetion may la-formii- 
hited thua' 

(('il.),l) I ;il,-| INatllt 

t'lI.t’OONa I CIM, t :tl{,()-| .‘(Nal 

The nietliiMl is aiinple and rapid, and the 
naulta iin'gtaal They do not gne the (ma-iae 
i|Unntity of acetone when the naplitlia eoii- 
talna any appriviiilile quantity of aldehyde 
or of the higher ketonea (methyl ethyl 
ketone; methyl propyl ketune, ete), ns 
tlicae an- meludial m terms of acetone. This, 
however, la of no prartieal rnnaeqaeneci in 
thu cose of wood naphtha to be used as a 
denaturaut. ’ p,,„. „ _ 

(r) Extiinstlon of utera,--i'1\'e ee. of the raaaaeKsiLuK 
wood naphtha are run into a advcr pressure ’Jjw iS’lB„llMi'«™MhII' 
daak of about 150 e e eapaeity, together with 
20 e 0 uf naamtly boiled dLatilled water and 11) c c. of normal soda 
aolution; the llaak is then seenrcly eloseil and digestn] for at least 
> Utr.. ISSa, tl, 33011. 




KlfK ■ M wit I HKD 

ktill \('l lilSI 
HlUiKIM M.Hl'H nt 
WIMII) N WHTII t 


Vfll 


lIcniTKTRrir. 4riy)Uiir 



two lioiini in a water-lmtli at Ifltr Tlip conloiits im- (Ikii 
wa-lnd intn n Iwuki-r, nml lUratitl with .V I n.id mul plirnol- 
piitlmlnn Itodiirt tlio niiiiilHT of co uf hciiI n'ljiiiri'rl from 10, 
thi' ihflm-nro 1 4R - Rranw of osier,, i alciihitoil as inollivl 
aoctnlo, per 100 o <• of the naphih.i 
Or more gonenilK - 
(iranii niethvl aootalo per 
100 CO - CO lit Mala M)lii- 
tion iiHnl up in Ibr livdio- 
Iwis 0074 

IIMI 


0 0 naphtha taken, 

II the iiiiphlha ia not 
noiiti.d to phrnniphthaloin. 
0 iniisl Ih- noiilnihaial ladoro 
the okters are dolcriiiincd 
Inslo.irl i>f iismjr a silver 
pn-s.siin‘ llask, the Indiohsis 
mill Iw carried out in a land 
({lasH Ihisk lilted with a rellu'c 
eoiideiHei. and liealiHl on a 
water-liath 

Boiling range of wood 
naphtha, .\o ktipnlations as 
roL'iinls Ihik are iiinile in the 
lirilish n'giihilioiiEi. the 
naphtha heiii)! judged by the 
resulla of the fnregoini; ti"-ts 
Hut as a guide to niaken it 
ia atatial that aaiiiplea whiih. 
when fractionally distilhal in 
the following manner, give the 
imiilta luiheated will aa a rule 
tx' found to contain a aufii- 
cient pioportum of methyl 
alcohol, and to be free from 
an cxcesa of acetone or 
methyl acetate. 



Fill. S8 -- i>iHTii.LATiiiN ArraiuTia. 


I llir fwilfHit ranirr of nittul* 

jiM|ihtlu Mill ffiiopml ml i lopfirr Ibak.//. 

dlNtHiiDK tuiie »iih cliaji liraflB. 


One hundred c e. of the sample are to be elowly heated in a small 
a^per Bask fitted with a glass fractionating column, 7 inches high 
and 2 inch in diameter, filled to the extent of 4 inches of its height 
with small glass beads, provided with a thermometer placed opposite 
the exit tube abont an inch above the beads, ami connected with a 
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spiral I’niidi-nsiT Not inorp thim It) cc of distillnlr should lie 
isitlci'tnl in llic rcrfivcr wlion the Iturniomeli^r marks a toinporature 
of just unilcrOS” KroiiiftOc<• to85 re should passowrbetween 
tiTi'’ anil 72 i ", and a total (piantity of 117 to 118 e r should have 
distillcil over liufon> the thermometer marks 101)'’ 

The averaj>e eomposition of wood naphtha submitted as suitable 
for denaturing purposes in the United Kingdom, and examined by 
the foregoing methods, may be expressed as follows: - 


hIi iilKtl 

Ki'hiiU's. Ill tt I III • til m fliiiit 
KNlfM, iiilniliil««<l HH nil i|i>| IK fluti' 

I iiHiitiiinti d u(>iii|M>uii(li, (ali'iiltili'il as hIKI nlttilmt 
IlHHIt „ „ |i)imIiiii> 

Will IT 


l'(‘i (i‘iil 

l>\ xnltiim 
77 » 
U\2 
I » 

I) K 

H J 

1 j 


IlOO 

^ Ap|>i<iMiiiah> |M*iri‘iihk}(i* 'I'tu* I'Mut <liHiigi> iii \(ilunii> iki’uiiiiik alum 
Hiilnr IS iiHsi'il with thii ntlnT inunshisits is not kiumii aitli nTlKitity 


The fon'going iiiethixls, eombined with obvious inoditieations to 
meet S|x-eial eases eg, determination of apfiarent nieohohe 
strength with the liydrometeT or pi knometiT, distillation, 
evn|s>rntion for non-volatile n'sidiie, and so on - will serve for the 
general analysis of wood spirit, whether intended foi denaturing 
purposes or for use ns n solvent, ete Some further information, 
however, is added resiweting the ollieiiil methods of examination 
employed in Franee and Germany 

In Frailer, niethisls IhuwsI upon the same principles ns the fore¬ 
going are employnl tor the determination of acetone and esters 
m wood naphtha intended for denatumig purjioscn But sinec the 
speriliration for aretoiie is more rigid than m this country-the 
proportion lieing required to lie between 24 5 per cent and 25 5 - 
precautions are taken to eliminate errors of measurement due to 
fluctuations of tenipemtiire This is done by krepmg the samples 
for some hours Ixdon- analysis in a place maintained os nearly as 
possible at 15", and by performing a “control" experiment, 
at the same time and under the same conditions, upon a solution 
of acetone in meth.il alcohol, containing 25 per cent of pure acetone. 
If the analysis of this shows, for instance, only 24 7 per cent mstead 
of the kiuiwii 25*0 per cent, a correction of -f tbS per cent, is added 
to the results obtained from the samples examined at the same 
time. 

The “ total imparities ’’ of the napliiha are estimated together 
111 an adaptation of the Rose method-namely, by shaking with 
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ohlnnifiii ni iiiiil tiiitiii|> the nniouiil of iiuri-aM.' iii iJio \oliiim< of (ho 
olilonifonii (hoo |i 417) Twoiity li\ o o o of tlio imphthn nro mixoci 
uith (M)oo of wiitor anil 38 oo of a solutom of mhIiuiii hiHuIpliito 
(s|i iri = I 3.')) oontiiininK no fioo sul|ihitroii<i noiil, thia niivtiiro 
is ))liico(l with ntloo of oMorofonn in a smlalilo Ho«o tnlio mu) 
tn'iitoi) aa III tho iloaoii|ition rofomal lo \ “ lilaiik " o\;M'riiiiont 
IN iiiailo at (ho sanio tiino with (ho solution of aootoiio in iiu'th)l 
ahsihiiliiioiUioiioilaliovo anilanv roMillini;ooiToo(ionn]i|ilioil l'>oni 
tho '•total iiii|iniitioN" as tliiH iisiI'rtninoil (rofornil, of ooiirno, lo 
1(10 1 - 0 of (ho Nainpli') in iloiliiotod tho |hti ontago ol ohtora, oaloulaliul 
as iiiothji aoolalo, tho roMilt nuoa tho “loal iiiiiniritioN ' wliioh 
(ho Kionoli sti|iiihiliniiN ioi|iiiio to ho not lowoi than 3 a |ioi mil 

If iicss'ssan, as when tho " loiil iinpiiiitioa " ovooisl S por oont . 
tho wooil spirit IS oxaiiiineil for tho piosoiiis- of othxl aloohnl (aoo 
Chap VI, p 231) 

In liormanv, tho iliroi lions for (oNtiiig winkI naphtha nro na 
followa 

(I) Colour. -This shall not )n< ilarkor than that of a Mihition made 
li\ ilissoKiiig 3 1 I' ot A'/ll) Kxiino in a litro of ilistillnl wiilor 

(3) Bolling point. Ono hiiiuliocl oo of tho niiphlhu nro pinoni 
III a shoit iioikoil ooppor tliisk of nlioiil IKII 31)11 on|)niil\, roaling 
on an .isls'stus plalo in wliiili Hint aoiioiiliirholeuf 3oni iliuniotcr 
|o tho nook ot tills llask is plaooil a friii tionnliiig IuIk' 13 niiii widr 
an I 17 0111 long with its sulo liiho ooiinootisl to a laVhig'n condonsor 
at loast III oni long In tho fniotioiiating lulio, which in provided 
with a hiilh alioiit a oontiniotro lu'lowr tlin hiih' tulax is )iliicod a 
thorinomotor with a soale ranging from tl’’ to 300°, hi that ita 
nionsirv nsu-rioir is in tho miildlo of tho hulh 

Tho llask is hoaloil so that (ho ilisi illation iinKoedM at aluiut thn 
rate ot .ice ]irr ininulc Tlio dibtillato is isillootcd in a cylinder 
gradiiatoil in o o . and at 7.'i° with a normal haronictric pniaaiiie of 
7111) niin at least SHI o i'. ahull In' isiUio.tisl 

If tho haniniotor is not at 71111 min during tho diatiUation, 1° 
hIihU Im allowofl for cvoiy varuitiun of 311 iiini For oiamplo, at 
770 mill, tH) 0 0 shall distil at 7.7 3° 

(3) UlselUlity srith water.— Twenty o c of the wood spirit mixed 
with 40 e 0 of water shall give a clear, or only slightly oiialoiK'cnt 
solution 

(4) Acetone content. 

(fi) Separation on mixing with loda colutton.— Twenty cc. of 
wood spirit are idiakcn with 40 c c of soda eolation of sp gr. 1'300. 
At least .7 r c. of the spirit must have separated after the n.lxture 
has been allowed to stand for half an hour. 
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(6) ntnUon, One r.i'. ul a niixtuiv uf 10 cr of the vikmI hpirit 
n-ith 90 r c of water, ia mixed witli 10 e e. of 2 iV iiolution of Mxlium 
hyilroxiile Then 50 e e of jy/10-i<xlinr aolulion are aU<Ied, with 
eontinual ahakinK. and the mixture allowed to remain for at teaat 
three minulea Kxeeaa of dilute aulphurie aeid is then added, and 
the lilwnitnl iiKline titrated with A’;I0 thiosulphate solution and 
ainn-h .\t least 22 ee of A'/IO-iodine solution must have been 
iisnl up by the acetone (This in equivalent to 21 3 (P’nms of acetone 
|X'r UK) e.e. uf wisxl spint) 

(5) Bromine absorption. One hundn'd ee ol a solution of 
IKitassiiim limmiite and hminide (made np ns deserils'il below) are 
aeidilied by the addition of 20 e e of dilute sidpliiirK neid 
(sp gr I 2jH)) To this mixture the wisxl spirit is lidded drop liy 
drop from a burette so linig as any colour minims on shnkiiig 
The rate uf addition shall Is- so nmiiiged tbut in one minute 10 i e 
uf spirit sliiill have been Added 

Not morn than !h) e e of the wissl s|iiril slinll be reipiiriHl for 
tho deeolorisation, and not less than 20 e e This test must Is- made 
III full daylight, and at a tein|K'rature not exeissluig 20 

Bromine solution. After at least two horns' drung ut KHi'', 
and cooling in an exsieeator. 2 447 gmnis of KBrDj and K 710 giaiiis 
of KBr of testeil purity are dissolved m watei, and the solution 
made up to I litre 

Mineral naphtha. I'he mineial iiiiplillm nppioied for 
making mineralised niethyliitcil spint in the I'nited Kiiigdoiii is 
onlinary light mineral oil having a siKS'ilie gmiity not lower than 
0 StM) at 15 ii". The sp gr rangi's up to iilsiut 0 HtlO, and is usually 
nlsiiit 0 HIO to 0'N20 The oil, w hen niixixl w itli methy lated alcohol 
in the imqa'r pro|sirtinn (0 375 jier wnt) must give a satisfactory’ 
turbidity on dilutum with water 

Petroleum ether or mineral oil,- -For eertarn sisriul pur|Hisi>s 
some users of methylated spirit are m|Uin'd to enqiloy spin! which 
is nitxnl with 3 ]X‘r cent of an approved mineral oil or ix'tnileum 
ether. For this purpose the oil is rrquiml to have a spocitie gravity 
uf 0 (W5 to 0 6iK) at 15 5°; or, alternatively, of 0 7()5 to t) 710, tho 
latter miqre admitting of Kaatem oda being used ns well as Ameiiean. 
In addition, when 100 e e. of the oil, of either variety, is distilled 
ill tho apiwratna deserilinl under “ WorsI Naphtha " (p. 3(HI), not 
more than 10 e.e. should distil Ih4uw 65°, at least 75 ee shimld 
pass over between 65° and 65°, and a total <d at least 95 e c. should 
dlattt before tlie thermometer marks 100°. 

The east of produeing alcohol is appreciably enhanced by tho 
ivstrietiona necessary for safeguarding the revenue. It is ealcu- 
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latnl thiit tli(‘ incrauiP of (•■»( ninountK to |mt (iniof pilloii iii 
thiK rountry, ut the pnwnt tiuii- In onlcr to n'lict i‘ alcohol iiord 
in iiiaiinfacturc oi thia enhanced coat, an allowance of :ii/ {kt pnaif 
gallon n paid on alcohol uacd for iiiaking induatrial methylated 
apirit, and alao on all ethyl alcohol lercircd (in' iiac dolt -fnr under 
Section 8 of the Finance Act. 11)02 
The quantitica of theae two rariotiea of aliaihol on which the 
allowance woa paid arc ahonn below fur two reecnt jeani' — 
tan I'll.'i 

IfidiihhMl nii’thylHtoil hpirit .'(illL'.rilJ 4.8.10,1171 ]iriii»f triilliiiih 

Duty fr<T Aii'tilitil uiidiT lOOJ Ai ( 70I,JJ8 770,7ii>’» „ 

Tlio qiiantitiOH (bulk ^lIIoiis) of imluittiiHl niid tiiinvniHMi) 
utiil Hpirit actuAlly miiI inlu conMUinptinii by tlu* ini'lliyktoM 
during the yiUDi an* sulijuincd. - 

liiiliislrNil MiimihIimiI 'D»IhI 
Ycuri'iulifinihl Miinli Dtilk kaIIimm Jliilk kiiIIohh 

1014 3.2.‘K1.()8I l.T.'iUn A,0l)T..'»7.'i 

lOI.) 3.1U:U8i 1.77I.3J1 4,871.(181 

Tlic foregoing figiirei siidieo to give a general idea of the quaiiUtica 
of methylated spirit, and of the apceially-denatiin>d aleohol, which 
have normally iKsm uhciI in the [JniU'd Kingdom 
As to the iiartieidar uses to whieh industnid iiieth\itiled spirit ia 
put m this eonntry, the follouing table iridiea(i*s (he eliief appliea- 
tlon^ of this vanet\ of diit\ flee ah'oliol It ih taken, aliglitly 
iihbreMHtisI, from the Ciistoiiis and K\eise aniiii.d re|)orl issuH in 
1HI7 ' TJie unit of i|Uaii(it,> is l.tNHl bulk gidloiiH 


1NI>1'41II1M. Ml.TIHMlSO M'lUir Vl'VNTIfll.H I il 0 
KiNUiMOi. Ykak 1915*10. 

Manufiicture ut ollirr purpov’ 


IN Till. llMTin 

guiui(it), 

HI tlioumiidN 
of iiaIIoim 


Kllllhll, for wle .. 

Varnif^, pidiMlii awl Ueipu'r, for sale .. 

,, „ „ „ iM’ III iiiakerN Horkiilu>]M 

Hums patiitfi, enaiticlii, etc 

Fell and othn liata . 

iVlluioHi, xylonite, and xiiiitlMr xulwltUHHHi 
Oil'rioths ^tkerclotlM, and Hunilar miImUikhk 
H nmkrim povrdon, fuliniiiaieii, tuid uthtv rxpkmivi'H 

H(Mip>rnakiitg .. .. • • 

Kle^no bmp tibinienla .. . 

Ineandeacont iiian(l(*a .. , .. . > 

Ktbn' . 

Cklorofm'm 

Ethyl chloride and broroide. 


991 U 

1,110 2 

39.1 > 
IIKIV 

H8 1 
23 A 
227 0 

291.1 
202 7 

10<7 

38'3 

393*1 

I7-.1 

20 


i Cd. 0420. 
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ImuHTHIAI/ MKIH^IAThlJ HIMKII Ql'ANCIflkV I shll IN THK (NlTRI> 
KiNuhOM YfAii Mll'> 10 ttmt 

Qiiniititv, 

III tllOtlHaiHlH 


Miiiiufiiitiiii' or iitliiT |iiir|HMi* Ilf tjtillniH 

SiiIhI nii'dM'iiiiU ('vlrfu (h 4U « 

AlUftloiilii Hiul IUk^ cIu«(iiichIs 72 0 

KinlirrK'AtiiinH. liiiiim'iiti, iiinl liitinns 22 7 

HiirKiPnl linuMiiiKH 11 2 

<'u|iHulnH hikI (itlii'r iiHMliniinl H|»|)|itiMc4*H 2 O 

lliur K’nsli»*H (7 7 

rnttli'inHlM;iii(<^ 2 0 

i'lmif WHshl’M, IIIMH'llt'llU'H. iiikI I* lllp'« IT 0 

XitiliiK iinil dym, HtiliiU , 0 7 

.HollltliHIM 1 0 

h'ln'uiiikH Hiul iiuiti 111 s ' II 

I'lHltfllttlipIlll plAtl'S mill |•ll|>■'tN IIIkI otllM pl|ii|iii'l>l|l|lll 

Slll]|M'IIH 1 - 

Kilk, i*ra|H*. iiiiil l•ltll>lul(ll'ly 11 7 

Xiiiticml (lnAriH. I'ti H 4 

Kuhlu't I 0 

Soliililu'il H|MU1 27 0 

KIiiih' li'M'U, I'lc 1 I 

Inki 0 H 

<'iiii4iiiioii .n 7 

Dihinin tiuitH 2 1 

Dvi'iiiK hikI < k'liiiiii^ ‘U *t 

T*‘\tilr piiiihittf '10 

Kli*i*li(it>piii|{ unit pi till inu I 

I'ii'si'IvaIhmi Ilf spii'iiiii'tiH Ml Mill’ll unis luul liiis|iilnls I “i 

Kiluoiil mnal iind m ii'tii ilu‘ pui p(ii«"s ni r nlli'Ki'A iiiiil st'lionls I 2 


XmiiIvIioiiI nixl sni*ii(ilii pinpiiHiiii iii liilHHiitoiwH ol miikl^sl" 

MMikn < Ui'Must'*, ('!• '* ** 

I'sihI mi hiHpitnls, imi'lMiMs, hihI MiflrMtiini's 72 ^ 

XdiiiirtiU} dill k>iitdi nnd Will OIIim' iii^i'imls mid 

wiirknImpH 20‘> .*i 

Miim'llniMMiH iHi>H lITil 

Tolid I.0H2 Tt 

Thttt w. tho totRi mimlHT of j'rIIous ihihI wan 4,lW2.r)0l) 


ir INinWTRIMi AUM)HOL IN KORKKJN (‘OrNTRII'^S 

SpiNikinK broftHly, tho roiulitums under whieh denniured uleohol 
in allowed to Im' uwhI frei‘ of duty in foreign eountries are giMierally 
ainular to tlioso im^xwed m the Tniteil Kuigdoin , There w UMially 
a heavily denatun^ «pirit ahieh may Iw wild or aw'd with com¬ 
parative ftwKlom, and then* an* lens naustsms kinda of spirit, or 
specially denatunKi kmdH, wliieli have to In* emplo>c<l under more 
Htril:^(ent conditiona of Hupervinion than the tirat-mentioned variety 
It may be noted tlmt the apeeially donatunsl spirit ia not of necessity 
less nausa-ouB than that ahieli is allowed to be sold and used freely 
Very often it is mneh more naust'ous But the denaturant siitetancc 
is, or may be, more easily removed, and hence the necessity foe 
greater restriction!. 
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IVihajH 111*' (‘liu'f (lilTt'irim* whiih htrikrs »iiii* m nMiiptiriiiii llii> 
fdiripi rpjnilatidii-, uidi (Ikw of th.- I’nidd Kin!.x)«iii i- llw fail 
Ihiit. abroiiil a iiiimiIht of iiuluslnca an' ofti'ii I'liiinii'iatixl in nhii'li 
“aiNvially ilonnliiml’’ alnihol mav Ik- i'iii|ilionI. ami for wliirh 
the a|)ei'ial deiiaturanla are prewiilK'd In thu lounlrj tlie foinmla' 
for apccial dpiialurinf' have not lafii imhlidied at all evenU. nol 
ofliimlly They are reuardwl as ('(nilidi'iitial nifoiniahon lli'io'e 
tao luakeia of the same artieledo not, of neeessilv, use the aaiue 
deiuiturants for the aleohol employed 
Minor laaiits of dilTereiiee are that m soini' eonntneH the cost 
of anaUaing the denatiirants. in oidei to eiisuie that thei lonfono 
to the preaerilml atandarila. must la- home hy the iwr of the aleohol, 
whilat III some eaaes the Adinini'-tralion itsi-lf fuiiii'<heH the de 
iiatiiraiitH. at the exiK'iiae of the u-a'ra (I'Vaiiee. Holland) In Hide, 
Home of the denaturJiig siiliatames are aiipjitied hv the la'rsim nxing 
the aleohol, whilst nlhen an' supplied hy the leveniie authonties 
at the exfS'iise ol the user In some eases too (Itiissia, iSnitrerland), 
the ahxihol itself is sold hy the State 
The inipn'Ssion gneii hy a study of the \aiioiis sjstems is that 
most of the foreign eoniitries emleavoiir to foster the mdiistries 
nhieli emplov ahohol, h\ niithorising the use of s|xs'inl denatiiiiints 
siiitahle to the |sirtirnlur industry, hut this necessarily iinoKes 
eooaderable restrietion and auperMsioii 
Austria-Hungary,- 'I'he iiii'thylated Hpnit for onlmary ii's' is 
pn'pnnsl hv adding .I litn's of woml naphtha and | a litre of pyndiiio 
hasi's to evert imi litn's of ahohol Kor some years phenol 
phlhah'in was inehided ,is a denatiirant. and the wood naphtha 
uas in smaller pn)|Mirtinii (vi/.. 2 iht cent I, hut this has non la-eii 
replaced hy the formula given nlmve. 

For making varnishes and inen'ury fulminate the denaturing 
agent is 0,') imr cent of turpentine ,S|H'eiullt-deiiatiin'd spirit la 
also allowed in the making of ether, vinegar, and solutions of 
shellao, 

Ve^' small (|uantities of pure aksihul arc used for seiciitifio 
purposes free of duty, under ecrtoin conditions. 

Belgtoin. - .Altsihol for lighting and hroting purposes is not allowed 
free of duty. Varnishes appear to be the only products, containmg 
methylated spints, that can be sold All the other denatured spirits 
arc for use in the factories only, and the denaturing is done under 
the supervision of revenue oflieeis at the works. Accounts have 
to be kept of Uie quantity of spirit used doily. The officials 
frequently take stock of the spirit, and may verify the quantities 
of products made. No stills are allowed on the woiks except when 
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Mpci'inlly autlionwHl I'tie mininmm qimntity of alrohol for de¬ 
naturing in two hi*cioUtrc8 at CO^ 

Total ron^Msion of duty on the donaiun^d Hpirit ia allowed in a 
few inHtimrea only In a iiunilief of other inaniifaelim's a propor¬ 
tion of the duty U remitted after the al< ohol has been mixed with 
eiTtaiii denaturing agentH. In moat eaoee, the proportion is 
14/15tliH, hut it muy range down to n4/ir)0thH Tho quantities 
mentioned UOow arc IIkhc for denatunng each lu'ctolitre of'aleohol 
at 01* or alKivc 


Aiuliiit' eolotiiH 

rollfMlioii, liiiiiiiii 
ell* 

Oil n'liiiiiii; 

iSinnkf'lrHH pomli'i, |m) 

4 lUllHt>|MlC« 4 , lllltl IIMlill'UIIH'llts I 

Mercuty fiilnniuilc 

Q\iiihiIiiio yollow 
Klher 

Art'lin ethiT 


I 10 ot uiMiil 4oiitaitiiiii; >*» piT 

I I'I'Ilt (»1 lUM'IdllC, lliul Ja I'latlW nl fill IlslIlO 
I nr o(li«'r iinihiii* mlntit 
.*iO lilii«4 nt «'lU(T 

r» lit a<i‘l4iiu*, <ii i i>r iii(lli\| 
kcliiiin, nr J.'t litn^ nC tlliri 
lO nl •lulphiiii' au'l at Oti Ik 

!t lilies of tia'th\l i'tli\l kilniie 

10 li(te<4 nf ('Midi' ilHlillatn mi dmk il in tlio 
|iini'«'ss 

n litres nt luelniit* nil 
10 .. «‘(lui MsiuUies 

In iix'lie (tliiT M'sidiies 


Xiuitoiuieal, «‘ti , pie|iaMilioiis 
in aiHIllldiil) M'linnis 

Aitilirial ailk 

\ ineKHr 


15110 };iains nl iiitinlieii/iil. KHi giants nf 
. nini]>)ini» oi IJ litM's nt iiietli\l etliyl 

I kctniie 
ISO lilies nl I'llii r 

I !IOO nf uatei anil IIN) lilies nf 

Miiepii enntuiiniie ^ |i<i hiiI n| aeetir 

I and 


\hiiihIi 4 ‘s 


(1), It Inr use on pri'iiiisis, 
will'll* iiiado 
(•) If for sain • 

Allilii'uil IlnweiH 

TreiMiiannit staqi 
tlaH*iiiiK faliricn 
Knuno-Kililing 


|M liliei nf XMMid s|uiil eniilaililll^ 5 (nt 
mil nf aiH'tniie uial Idles n| miiiihIi 
I roidniniiiK <10 iwi eeiit nf resin. 

1(1 litn'M lit uiiihI spirit iis alMtie anil 
.M xraiim nf fiielisine 

10 litriH vf himnI Hpiid, 15 plains nl aniliiin 
dye 

<'• lilreii ChHt'iien nf laNt mlei nr (MimMi'lla 

4 litn'a of aciMniu* ml 

20 litrea of wwnI apirit. 3 Idris of methyl 
othyl lad one 


FranM. -Spinht (or induririsl and ilninratic um- arc (rum) (rnin 
llio ordinan spirit duty on condition that they arc denatured. 
Denatun'd nlrohol pays a amatl atatialifnl tni, and also an iinjxnl 
toco\cr the expense of r.xainininj; samples and aniirrvisini; tho 
denaturing 0 {)emti(uis Tho alcohol f<ir denaturing must lie o( 
not lets than !KI per cent, strength, and eontain not inoru than 
I per rent of (ustl oil 

• The donatuiing may be “ general ” or " special.” Tho " general ” 
disiatiirant is wooil spirit of not less than 90° strength, and con¬ 
taining iXt |a>r cent of acetone with 2 5 per cent of pyroligneous 
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imparitim Tm litroa of this nrp u«h 1 for oiioh 100 lilrtu of the 
alcohol to 1)0 doiuitnroil. 

S))irit (lonnliiroil by tlii-) reagent ih (livulrd into two ckt.w» ■ ■ 

(1) That iisoil for general manufactures nich ao ninhing vamKIics, 
oxtrncti aonp. anil mi on 

(2) That iiMiI for lighting, heating, and making “ flnish."- Tlik 
s|iirit imi>.l conlain. in aildilion to the gi-ncral denaturing n-iigent 
0 5 )a‘r cent c.' heavy honcine. diatillmg hetnion 150' anil 200', 
when iwod for lighting and heating , and 4 |ar cent of gum n-Mii 
when UMil for “ linish " 

The ■ s|Ma ltd " denaturing in to nieol the re<|niieiiieiitH of tlioae 
iiidiiitriea uheie ahohol mixed nith Moial apirit eaiinot he urn'll 
Aiithoii'a'fl priaethiies^ aif 

(I) Ethers and esters. I'lie aleohol ih mixeil uitli 10 |H-r cent 
III till' n'sitliiefnim a ]tri‘\ioii'' 0 |)oration, and Itt |M>r cent of Milplinne 
at at ,il lai Ht', nr 20 pi'r cent at 5t Ih' The mixtiiie ih lieatiHl 
to .1 teiii|H'i,iture of 80'' for winie time 

(i) Ethyl bromide, -SeM'ii nml .i-h.ilt litres of aliiihol at 0:i‘' are 
mixid nith st lities of Hiilphniii acid and 15 giniiis of hioiiime. 

(5) Ethyl Iodide. Six litres of .drohol at 00 . nith 4 kihigraniH of 
Iodine, and 800 grams of amorphons phosphoriiH 

(I) Sodium ethylate. Might litn's of absolute ahohol with 
otgt grams of sialiiiin 

(.'<1 Nitric ester, tine jsiit h\ weight of iiitne mid at flti' mixed 
nitli 4 iiarts of aleohol at ilfl' 

(0) Ethyl chloride, Kijunl ueightn of .ikohol at 00 and hydro- 
ihlorie aeiil at 21 Be 

(T) Aldehyde. Mix the aleohol with 10 [H-r cent of aulphiirie 
.xenlatOO Ih- or nith 20 (ht is-iil at .54 Ih’, and heal the mixture 
to a lem|K'ratnn' of 8t)' After the iiiixtun' has eiailed, pour It 
on to [Kilassium liiehnnnate 

(8) Chloroform. --The aleohol ih mixisl nith ehhiride of limn in 
Milulion, as part of the pnariia of nianufiuliirt' 

(9) Collodion.- Mix ri|ual voliimea of ahsihol and ether, and add 
(i grama of gun-cotton per litre. 

(ID) Ghlo^ and chloral hydrate.-- A current of chlonne gas ia 
panned into the alcohol. Kach litre of alcohol at 95" ehiiuld (woduco 
751) grams of ciiloral hydrate. 

Medicaments which contain alcohol after their manufacture pay 
the ordinary apirit duty. 

Oenuany,—'Kc use of denatured alcohol free of du^' was first 

I tailustrial Aleohol CuiiiiiiitUe's Uaiiitofi of Kviih-iici-, AiiiK-ialix IVj 
Caliot, “ Aleools," If. 32 - 40 . 



318 


AtjTOHOt, 


CRAf. 


allcmnl in 1870, the syHteni uf ilenntnrinK hi-itig that foUnn-cd in 
(treat Britain at that time In 1887, honeviT, riifTerent rrKula- 
tionn ennie intn force 

Tim denaturing in either ‘ rumiilrle " i e , Mich as w deemed 
uaflicieiit to make the »]iirit undrinkuhlc, or " lurumjMt »e, 
aiich OH rciiuinn the einplnyinent of otlicr means to jm-vent the 
ini|ir<i|ier ms- of aneli apirit 

The general denaturing agent for ‘ (umplete " (leiiutuniig eoiiHista 
of 4 parts of womi naphtha and 1 |»irt of pyridine hasea, to each 
litre III nhieli mi.\tun' ma\ lie added fin grams of lavender oil or 
rowmnry oil to mask tlie islour of the pxridine liases Thin general 
denatiirant is inusl in the proportion of 2( litris to each hectnlitre 
of aliohol 

Tills (iermiiii methylutisl spun therefoie ismtnms 2 |S'r cent of 
ttiiisi nuphthn, and Ofi |M'r eeiit ol pyridine liases, mill optionally 
0 I2fi |S‘r (S'lit of Inveniler oil or loseimirv oil 

Kor use in niotoi's, uleoliol may also he eoiiipletely denatured by 
the addition ot l{ lities of the '‘general" deiiiitiiring agent and 
{ litre of 11 sohilioii of methyl iiolet dye, together mth fioni 2 to 
211 litres ot lH‘n/,ol to every Km litres of alcohol 

The ordinary ' eoiiipletely deiiainrni " spirit is intendisl for 
sale liy letiiil, and is used tor (‘leiiiising, hiirmng, and general 
piir|SHes, nineh in the same uiiy as British ' miiieriilisisl " inetliyl- 
iittsl spirit IS em|iloyed 

Kor gi'iieiid use on a large si'nle fur iiidustiial and ninmitiielnring 
pns'esses, alcohol denntunsi mth wood iiiiphtliii only is siinetiomsl 
This " niMid-spirit denntiinsi" alcohol is a ini.vtiire of 5 lities of 
mxsl naphtha mth Itm lities of aleohol of strength not less than 
INI' It eorres|siiids approxiiiiatelv mth the British ' industrial 
niethy luted spint'' 

Wlieiv this “ msai-spirit denntunsi" alcohol, or the ordinary 
“ eoiiipletely denatiii'isl ' aleoliol. Is iiiisiiitalile for any particular 
iiinnufaetiire, s[H-eial denaturing ngimts may he nllimed for 
■' larniwyifrte " denaturing, uliieh is earned out only at the faeturies 
» hero the aleohol is to he usisi Tliu following substanees are iimsI, 
the quantities atatisl Insiig for ItX) litres of spirit at 1(NI° 

(a| Indulirlal uses ol all kinds.- Fire litres of wutxl apint, or 
0 5 litre of pyridine bases 

(6) Bnwors’ ntnlsh and slmllat substanees.— Twenty litres of a 
shellae solution (1 ]iart by weight uf shellae in 2 yurts by weight of 
spirit at not less than iK)°) 

(r) Celluloid and pegamoid.—One kilo, of camphor, or 2 litres of 
tur|ientiiie, or J litro uf benzol. 
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((/) For «U the (oUofdng arttcUs: - 

(I) Kthrr; (2) clhO '.uIphatM, (:<) a)!iri(in„ ihk1(i|iIi>I lin, 
Hcniniiinny. I'liaiaruin. aud jul<i|i ri'Miu. a» nrll a# othrr nv-ma and 
xuin ifsini. (t| alili-liydi- and |iar.ddi'li\dc , (il)'«)iitr lead and 
acctati'of li-ad , (II) clhU chliiiidi- laoinidc, and lollida (7) idinto 
)tra|ilii<- )Hi|icr and dr\ (ilnU-a. and |iholu-Mliulsiiina, (K) cldia-al 
hydrate, (!)) eli-vtriMlra fur stmagr luitliTiva; (Itl) aei'tic ether I 
(II) KlueiiMdea; (12) lublaT ])rr|inrntioiia . (Ill) euUiKlinn! and ailver 
liriiiniile, (Idnnile. anil iialide eniulMiins of i'hIIcmIiihi , (14) jaui 
eieatin, allvoloida, fwntonm. tannin, sidieylie and aiut ita aolla, 
(IS) eoal Inr I'nlnura, ineliidini; aulMtaiae'- iimsI in nlilniiiini; tlieiii. 
and Inteliniallate iinalinta. and (III) iliiinienl |ire|airaliiinH (not 
ntherniNe naiiiedj uhieli do not retain any alenliol alien linMied 
(except forinie, Milerianii' and laity ne eatera) 

10 litn-a of ether 
la I litn- of hen/ol. 

oi O.'i turpentine, 

urOlUi'i , .iiiiimil lal 

Collodion loi sale iiiiist eoiitain at leaal I (h-i I'enl of kuii lottoii 
Ktlier and iiietie ether aie only alloned to he made from duty Ina- 

aholiol if they me to he e\|aiitixl. oi used at home for leiliiin 

H|a‘ii:iid (iiirpoaea 

(i) For making chloroform. 'I'hree hundied mania of ehloni 

fill 111 

(/l Vinegar,—.S|a'eilHxl I|uaiililiea of Miii'Kar eolitniniiiK 3 4. li 
K. 10, or 12 |K'r (iiit of aietie ueid aitli eertaiii proportioiw of 
aater, lax-r, or vine 

(ij) Inks, sealing was, and stamping inks. 0.7 Utre of iiirpentiiie. 
or 0 02,'i litn> of animal ml 

(h) Bedstead enamels, brewen' varnish, aa uell aa for iiae in 
ineiuidiweiit lain)ia, for tiniahiiie ailk rililioiia. and (or ilianaing 
jewellery, etc . tt.'i litre of turpentine 

|i) Iodoform. -Tno hundred grama of iixkiforni. 

(I-) Varnishes and polishes of all kinds. - Two litrea of «oud ajiiiit 
and 2 litrea of petroleum lienaine, or U 3 litre of tiirjamtine. If 
intendixl fm sale, the vamiahea aiul poliahea niiiat eniitain at least 
10 per cent of ahellae or other ream 

(0 Medical, botanical, and loologieal preparations, for nlueatiunal 
purpoaea--One litre of eommercially pure methyl alcohol and 
1 libe of petroleum benzine, 

(n>) Soap-making.- -One kilo of caator oil and 400 e e of auda lye. 

(it) Lanolin.—^ve litres of petroleum benzine 
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The um of alriihol not denatun-d in only allowed in certain 
hoH|iitaK aHyluma, and (Hiblic aeientiBr inatituliona and for making 
e\|iliiHir<‘H, ehiefly in Govemnient faetoriea “For all other 
piir|HMeH, uilhiint rx(!e])tioii, duty ))aid a|iiril munt he iiwd, onleaa 
I lie Hpiril Im> Huhjerted to aome aulhoritrd jiroeefiti of denaturing 
prinr to line The German ayatem, while deaigned on lilwral and 
(oiii))ieliensiv<' linea, ia rigidly enforced, and alluwa of no excep- 
tiona III proetice to the ndea aa laid down 

HolltWl. 'Cwo kiiida of denatured aleohol are rreogiiHed, riz - 

(«) Willi 7 litres of eriidi' wood spirit; or 

(A) With 12 litres of colourless wood spirit, 
per lieetolilre of aleohol mkelaleil at ritl' strength The alcohol 
einployial must he of at lisist NTi’ atn-ngtii. 

The spirit (ri) is intended for general use, and ia ollimcd to he 
eiiiployeil without restnetion, on eoiidilion that it is not jiiirilied 
or used in iirtiiieH of hiiiiiaii eonsiini|)tiun 

Tile spiiit (ft) is only allowed for iiidiistrinl pinposes and iiiiiler 
aiitliorisHtion 

Aleoliol for \inegar inakiiig is denatured liy tlie adiblion, to 
ew'li liei'toliln' of spirit at Till'', of 3 lieetolitn'S of water and 1 hecto¬ 
litre of vini-gnr of 4 |irr cent arid strength ; or 3U litn-s of vinegar 
of 4 |x>r cent oeiil strength with 2t) litres of raisin juice , or 2(1 litres 
of the vinegar nloiir if the n-veniic oftirials sis- the niixtiin- added 
to the nerliKcatiun vessels. 

Italy. For geiienil piirjsiscs the denatiirant enijiloyed is a 
mixture of wissl iiiiphlha, jiymline liases, aeetone oil, henrrne, 
niid eoloiiring iiiiiller l)f this iiiixtiire. .‘I litres im- nddisl to IIHI litres 
of aleohol, which iniist not lie of lower strength than tKI" Spirit 
so denntimsl is iim-d for liglitiiig, heating, and motor jinrjiosi's, and 
for irrtain kinds of varnish. 

Spaetaily-danatutad alcohol is allowed for use in various industries. 
Tlie denntnrants used are jiartly' furnished by the authorities, at 
fixed priiHis, and jiartly by the users of the denatured spirit. If 
any alcohol is recovered during the manufacturing operations in 
which the deiMturcd ainrit is employ cd, it may only be used again 
for the same purpose, and if necessary must bo again denatured. 
The speeial denaturnnta chiefly employed are aa follows, ]icr 100 litrea 
of alrohol. 

(I). For making ether.— One litre of sulphuric achl at 66° Bd., 
6 litres of cnide ether residues, and 1 litre of crude benzol. Under 
permanent supervision, sulphuric acid alone may be employed. 


■ liiitustrmt AtooM Cummittce, Rapoct, p. IS, 
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(2) . Vaniblns. - Knur liti«« of n inixtnro of naphtha. 
Rn‘toni' ml. and rnido liciizul. nith Hufticipnt of thp porticular 
rarnikli to fiivr 111 gniiiia of fixed reaidue jier litre 

(3) Mtrtuiy lulmlnate.— ('rude n-Mihie (mm previous ii|)eia- 
lioiia, 11 litrea. nilrie Reid. S hires 

(I) Collodion, pholographle paper, and irtlBelal sUk. Tlireoliin's 
Ilf aeetime. I litri' of Iiffiit aei'tone ml. riiiI 2(l hires of ether The 
ether alone inav he iisisl for the silk if under ]H'rinRiient shistvisioii 
(III (lie same eoiiditiuii, ether in the Kiten |iro|xirtioii iiiav he umsI 
lor deiiRtuiini! ukohol iihihI hi iimkiiiK eiiieiimlogruph films 

(.')) Brewers' varnish. .Methvl uleohol 2 litres. h|;h( nietone ml 
2 liln-s uitli 2ll Inn'S of shelkie solution (.*111 kilos of hie in IIHl kilos 
of iihsilioll 

(II) Lysotorm. n.'i l.itn- of niilone ml, 3 lilies of iiietmie. iinil 
2 Idles of foiniRliii (fll |s-r is'nt stn'n)!th| 

(7) “Dermoid ’’ varnish. Two hties of melhvl ukohol. 2 hties 
of neetoiii' and I lilies ii[ " Jleriiioid ' Viirnish 

(8) Incandescent mantles. 2.'i hities of eiher 2.'> kilos of 
etinipkor 2 7 kikis of I'.istor oil, .oid 2 >7 kin's of uilksliiiii siplutioii 
(li |S'I eent ) 

Norway. .Misikol is Hlkmed fiei' of dull if ileiinlurisl either Mith 
vvmsl n!i|ihtlin or vvilli other suhslaiiei's vvkieh will pnveiil llii' 
ak'okol h>'in;j iisisl for [sitahk' puijsss's Theex|S'nsi'sof cleiiulurinK 
and siifS'iVision devolve U|siii the trader 

Portugal, h'or peiienil pnr|sis('s aleohol is dinatun'd viilh a 
mixtiin' of vvissl naplitliu. he<ivv Is'iiaiiie, and inalaehite pns'n in 
the pn>|s>rtions of 2 hires. 1 iKrt'. and 2 dis'igrailia. res|ie(UreK. 
per IIKI litri'S of iiksihol at slieiiKlh hifther than H.1'. Fur vainislies. 
the spirit is deiiatnnsl with 2 litres of winsl naphtha js'r KMI litres, 
anil at least 4 jK'r eeiil of resin or kuiii ii'siii Siiei'inl pns'esses of 
denalurinp iiie also allowed iirovidtsl that they aie aueh as to nive 
pruteition a|;ainst the n'gi'iieration of jiotalde aleohol 

Russla. -TlK' sale of akohol is a State innnu[wly in Suasia, and 
vk'natured iiksihol for (Jovemnient rstablislinients is made less 
nauscou.s than that for private firms or individuds In 1907, 
the aubstaneea and pro]iortions uswl in “ geiu'nal" denaturing 
were, for 100 volumi'S of almoluto aleohcd .— 

(а) State estaUlshments.- 2 6 Vols of wrood ajnrit, 0 6 rol uf 
pyndinc Ijrmh, and 01 v-ol uf a solution of viedet colour. 

(б) Private persons.- Five vols. of wood spirit, 1 vol of pjridini', 
and O'l vol of violet colouring. 

Hubeequently, the proportion of wood spirit in each of these 
▼ariotiee was reduced to one-holf (i e., to I 25 per cent, and 2 5 per 

T 
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wnt H'H|i«;tivr-lv); lint thin wa^ undi'ratnid to be a temporal^ 
meamire only An idtemalire form of (;enpral denaturing for 
privaU> Iradeni’ um* waa alw) authoriaed; iier lUU vula. of absolute 
alcohol 2 vok of wwal aplrit. 0 5 vol of ]iyridinc baacti, 1 vol of 
ketone oila, anil O’l vol of violet colouring, 

Pcriiiiaaiun to uae apint duty free la geiiemlly limiti-il to one year, 
and bond inuat bo given. 

SpMlal denaturing pnaesaea are aa follon’a 

(1) For nrnlshts and polishes.-One huiidn-d jairta of ajiirit 
are mixed with o parta of wimkI naphtha and 1 )iart of tur|H-nline. 
Or instead of tiirpiintinn, reain, ahellae, or tor may lx* iiaeil in the 
pmixirtion of I lb to one vniro (2 7 galloiia) of spirit 

(2) . For the preparation of wine vinegar. IV sp nt la diluted with 
water and vinegar, an that it shall la‘ of xln'iiglli 12'' Tnillea 
(711 under proof), and eontain 11 per cent of aeetie aeid 

(3) For making ether, chloroform, and chloral hydrate. The 
aleohol is ik-natunxl with aiiiiiial oil 

(4) . For preparation of tannin, collodion, and artificial silk. 
Ton (larta of ether an- added to lUU parta of aleohol 

(.7) Preparation of santonin. -Kreah apint is iiiixmI with apirit 
that has already been uaed, in the pm|Kirtion of 4 to 1, or 1 jaiud 
(.'IB lb) of erude santonin la mixed with 111 leilroa (27 gallons) of 
aleohol 

(B). Phenauetln, salol, sallpyrinc, and sallcltlne nitro-salts.- 
Five per iient of bvnxene is added to the apint 

(7) . Preparation of anUIne dyes. -Five |X'r isnit of wood iiaplitlia. 
(Ir, altenudively, the aleohol la denatured with animal oil 

(8) . Resiaite or Klsyltte.- Seven [ler eeiit of ether or aeetone. 

(9) . Smokeless powders.—'Mie apint ia nut denatured, hut its 
uae is under strict wirvedlancc 

(10) . Mercury fulminate. -0(12.5 IVr cent of ammal oil, together 
with 5 p(‘r rent, of the crude reenvert'd apirit that has been used in 
the process. 

(11) . Extraetlon of sugar from treacle. - Fresh spirit ia mixed 
with ajHcit that has aln'Ody been used - equal volurara of each. 

(12) . For preventing deposits of naphthalene In gas pipes.—Five 
parte of wood naphtha and 1 (xirt nt pyridine liases an< mixed with 
ItlO of alcohol. 

(13) . For street llghttng. —Twenty ixirts of turpentme to 100 parte 
of alcohol; only allowed to contractors to local authorities. 

Spain,—Akohol for lighting, heating, or motor power may bo 
denatured with 2 per cent, cd wood naphtha containing 30 pOQ 
oent. of acetone; henxine may be further added in quantity 0 
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mil thr trader's m|uirrinrn(s. Altemalively, a denaturiii)! mixture 
n>in|HMed <>f une-lialf of lienrine and unelialf iif veud nH|ilitlm 
ineludiiiK mi iht mit ut ueetivie ina\ lie enifilineil 

Sweden. " Wisid iia|ilillia and inridine Iibms aie um'iI bs 
dmatiiniiilH Sihk'IbI denatuiing in neinidid in eiTlBiu niunu- 
faelures inehidin)> tliuM’ nf nlkalnidi-, i liliiiid. i lilini.fi'i iii fiilniiiialin, 
tannie m id, and rariiiiji 

Swllterland." The inanufaeturr, iiiijuirlatiiin, niul primary sale 
(if aloiliol III SKil/s-rlaiiil is a iniinnlMili nf the Kisterul (iorernnieiit 
banners are |M'riniltisl to distil siiinll i|iiniititieK of s|)irit from vine, 
fruits, ete, KTouii on then oaii liiiida , hut with this exts']itiaii all 
the distilleiies nork iiiidiT the Hii|a‘rvis!oii of the Kislerul Aleoho] 
1V|inrliiieiit, and all the aliohol iimdiiinl is taken iner hi the 
.'Vdniinistiiition at piiees a)!reed ii|iuii 

The \leoliol l)e]iiirtiiient is aiillioiisi i| to si'll deiiatiiiisl sjiirit 
III ijiiniitities III not less than l,''ill litres at lest |iiiee foi the folloviiiK 
|ilii|Kises - 

(a) Fill elisinsiiiL', lieiiliii)', iookiii|t. h)!litiii|i and use in motor 
eiitiines 

(fi) For indiisliinl |iiir|uises );eiieiall} e\ee|it the |ire|iaratioii of 
lieveMftis, h(|iiiil prfiiiiies, and eosnieties 

(r) Iiiiakinti Miieiiai 

ill) Fill seieiitilii |iui(ioses 

(e) For |iii iiiiiiii)' |ihniinii(eiitiiul |iriidiiils uliieli do not eontaiii 
aliohol III their linislied eoiidition, and aie not iiiixisl with aliohol 
vtlieil iiMsI 

The deiiiiturini; is either " alisohite ' - Hint is, siiih us is deemed 
sunieiiiit to render the aliohol un]aitalile, or it in “n'latiie"- 
Hint IS, suili as reiiiiirea ullieial su|X‘r\isioii to jircieiil the a|iirit 
being usisl for other inirjxiaes than lhos(‘ for uhieh it ia 
allow I'd 

The ' alisolutcl.i '' denatured aiarit ia uwsl fur the jiurjxisea 
indieated ut (a) alxive, and fur sole by retail. Ita cainjai.sitiuo ia 
not invariable, the denatnrmg mixture lieiiig purjiaaely changed 
two or three times a year As an examiile, the following is the 
composition of a mixture which baa hem umdAcetone oil 
70 parta, pyriilinc liaaca It), aolrent naphtha 0, crude wood naphtha 
11 parts. Of this nuxtuni, 2 7 kilos were added to crciy 100 kilos 
' of alcohol at 95°. 

“ Relatively ” denatured s|urit ia allowed to be used for all manu- 
.facturing purposes. The following substances have been sane-. 


^'(•). tor making vlnegarr—To 100 litres of alcohol, 5 litm of 

1 2 
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alMolutc ni'Hu' iUid iIis'^oIvihI hi id Icnst 2<N| of uutei. beer, 
wino, yetiHl |irus}iiii({H, ctf 

(ft) For lacquers, varnishes, and polishes. To I(N) Iitren of nleohul, 

eithifr 2 Utren of uo nI sjiirit uiid 2 of , or 0 n litn* uf 

turpentine, or 5 litns of woimI Hpiiit , or 2 kilos of hhellur; or 
2 kdob uf eopal or letiiii, oi 0 5 kilo of ciiuphor 
(r) For preparing dye substances. -I'o Mki htn•^ of uleohul, 
10 litrea of ether, 

or 1 htn* of lM‘n7.4'iu‘, 

,, I eoal lur oil, 

.. 0 5 tiir|N>iitme, 

25 uoons of iniiiiiul oil, 

25 aniline blue, eosin, \mill m llimieMem, 

IIM) naphtliub'iie. 

M 2 kilos, of eommereiall\ pim* iiiellul aliolio), 

„ 0 5 kilo iif eamplior 

'I'o uHi* otlier ilemitiinuitH for otliei jmiposes sjNsi.il iK'iinisMon 
hiiH to Im‘ obliiineil The " nUliM'K ' (lenaluinl Npiiil must not 
Im* Hold the user, tlmuuh if fiiilhei den.itiiied uitli uinmI naphtha 
(5 htnm \H'T hoe.tohtie), i^r uith aeetone oils (II litres), oi with shellar 
(2 kilos). it tuny Im' diH)H)st‘d of for iim> on1\ in the piirehaM'is own 
wurkshops. not for le-sile 

United States.- The use of (hnaluied aliolml dul^'fne for 
liuhistruil and g<'neral puiposes is (oiiipaiativeU 11^(111 in the 
Ihiitinl Staten Thonph the ptineiple had Inh'Ii reeopiiMsI by 
CoogreuH many >eais preMousl\, it was ouK in IIKM)-7 that elhrl 
waa given to the iiHsnruitioii 

Two varu'ties of ** completely denatured ** ahsdiol an* now 
Hanetioned - 

(1) .-To 1(NJ galloiLs ot ethyl aleohol me uddisl 10 galJoiiii of wtM*d 
Mpirit and } gallon of Ix'iiaim* 

(2) . • To lUO gallons of idhyl ideohol are ndiUxl 2 gidlons of wood 
apint and J gallon uf ]>yridine 

The wood apint, Ixmme, and pyridine l>nHt«i> must be of apprtived 
quality. 

** Speoially denatured " aleohol ih iwnetioiHsl for use in eertain 
mdwstrioa according to the following list All the (pinii(itu*H an* 
referred to 100 (Aiuenean) {mllona of )>lain spint.* 

(i)>*For preparation of lac viu'iibh, collodion vainish, photo> 
graphic plates, cmbalmuig liquids, making borometera and ther- 

* Duo Amenuau gallon a. % 7S5 librea s u S33 Iinpetial g^lun. 
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. 111(1 |)r(tiliicti<»ii (»f Huch artii'li's ns luOuitntpiiu'. 
|MHlop|)Uluin tfsin i‘ti‘ 
o Millions of fl|»|HoviMl w<kk 1 s|Mri( 

(:S) -For Hliilmd, pxr.iliii .iml i^iinilnr pnHlm'li) 

Sr\<^n pniinils (Aiiu*i'u'.ui) of iMinplior iitid ;{(illohs (»{ (‘oin- 
nu>r(‘ia11y pun* mothvi nlioliol li.iviuf! sp jrr louor tlmii OHIO 
at K, or alt<‘nmtiN«‘ly. 2 {{iillons of uood npint uiid 2 Knlloiis 
of In'IIZiuc 

(3) -Koi 1nitispni(>n( soaps 

0} (inlloiis of the follioMiiir inixturi'. ri; frnlloiis of rom- 
morrinUy puM‘ imcIIinI mIhiIioI a> doliiusl in (2). with I K^^IIon of 
instor oil ntid J gallon of siMhi Ko at [ii\ lU' 

(4) Foi pii'|Nuatioii of tolmmt (sitiokin)£ and (lu'winji) 

Ono pdloii of tho follimiii:; ini\ttU(* n; 2 ^dloiis of an H(|U('oiih 
Mtliihoii of iiKotiiu* (lo |K’i (ont ). 04 II) of an :uid ,M‘IIow’ colour, 
0 4 II) of blue loloui tctr.i/o-bnllmnl 211, and wider MdliciVril (o 
make loo tralloiis 
(.')) Foi ])liolop<iMircs 

Si\(> IIm* lb of cllicr, lb oi cadiMiiiin khIuIc, and '1 lb of 
iuomoniiim Kslidc 
(0) MoniiiN fiiliiuiMtc 

Fi\<‘ i illoiis of' omiiiiTcialh -pine nirlliNl tilcoliol as dclhicd in (2) 
and J lmIIoii of ]>\rid)iH* biiM*" 

(7) For us<‘ 111 watcli-inukin^ 

File ^(dlonb of coiniiimiallv-puic iiiclli)! .ilcohol (hji ^^r Ickn 
than OHIO at GO** F), IJ lli of potassium luiiiulc, and I ox of 
blue colour H (soiUuin or rnagiieHium salt) Hio blue eiilouriiiK 
matter la (IissuIvihI in the inr(li>I alcohol, and llu' iKitassimn ( ,\niiide 
in a small (piantity of water these two solutions an* then mixinl 
with the 100 ffalloiH of alcohol to Ih* denuturnl 

(8) ~For prejiaration of snlphoinethaiie 

One gallon of pvndine Imscs and 1 ^a11oll ot Im'IIxoI 

(9) -For purification of enoutchouc 

Ten gallons of oivtone and 2 gallons of nitiiend naphtha having 
ap gr between 0 6d0 and 0 72(1 at (ih'' F 

(10) -'For iiastcs and varnishes with gun-cotton ImsU - 
Two gallons of wood spirit and 2 gallons of benzol 

(11) -For photographic eolhxlion* — 

Olio hundn*d lb of ether and 10 lb of cadiiiium iodide 
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III TW'HNU'AI, APIM.1(1AT1()NS OK INUr.STKIAL 
AUiOHOI. 

IjiHikiiiit itl llw talilc Kivcn on |))i 3I!I 4, wo ^ot iin ulou of thn 
iiuiiuToiirt jnirpiws (o wliioli iuiluilriul mollivlntiil spirit is put 
in thi' arts ami iinuiiifai'tun-H 

Inilustrial oUsihol, however, is not ronfinnl to “ im-lhylatcil ” < 
spirit, ami still less to this partieular form of it In this serliim the - 
term is iiseil in its widest sense as enibrariii); nil forms of diit} -free 
aleiihol, eth.tl or methyl Thus in addition to indiisirinl iiielhOaled 
spirit it will ineliide, on the one hand, the “ eoinpletel\ denatured " 
liniiluets sill'll ks our “ mineralised ’’ S]iiril, and on the other, the 
B|as'iall) deiintiuvil or non deiiatiirisl spiiits eiiiploMsI lor s|K'rinl 
innnnfni'tnres 

Nevertlieli'ss, the table mentioned |ii\es ii uoisl iiidiiiitioii of the 
chief piirpnsi's to wliieli alrohol is |nit indiistrinllv, and it mil sene 
\ ery well to exemplify those piirimses It is therefore taken as a 
basis for the followinK dimiishion * 

Use o! alcohol for baming, etc. -In nil the 1 oiintnes ' 
the “ (siinpletely denatiinsl " form of spirit is niaml> employed for 
burnini;, either as a motor fuel, or os a soims' of heat and IikIiI in 
donicstie and public iisajre. This niiitter is dealt mtli at leiifith in 
I'liap l.\ In oililitiim the spirit is iisnl os n eli'nnsi'r, for innkin|{ 
cmhnx'ationsand lotions, mixing with-paints, making the eoniinnner 
kinds of polish, and, in general, for the coarser rcqiiin'ments where 
the odour of the denntiirants or the turbidity giieii on dilution of 
the spirit Is of ti'i imrtieular r.onsts|uenre 

Use as solrant. -.Vleohol U wry largely employed iis a 
solvent This, in fart, is its fiinetion in most of the maniifnetiires 
inilieateil by the talile above refern-d to When- it is so iisisl the 
prisliiets may he divided into two elas,srs (1), those in whieli the 
s|iirit reinauis ns |iart of the linislied artick-, and (2), thosi> from 
which the alcohol, after having served its purpose, is ex|w'lled in 
the subsmiurnl stages of the manufartnn! 

As examples of tho tint class may be mentioned ‘‘ linish,' polish, 
vamisli, and stains; embroeations, liniments, and lotions, bait 
washes; cattle inedieines; plant washes, inseetieides, and slieop 
dips; dye solutions, ami collodion Here tho alrohol serves to . 
dissolve and keep in solution some ingredient of the article which 
is not soluble in water, such os resin, oil, eolouring matter, ot., ' 
organic drug. Thus “ finish " (used by pdishers and othen) ia y, 
a solution of min or gum-resin in alcohol; liniments may contdn.' 
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TariouB orguiii- drugs such os aronite, MladiiniM. or rainphor; 
collodion is a aoliitinn of gun-cotton in alcohol and ether, and ao 
on alinoxt ud hjinilum 

Aa inatani-ca of the second group nin,v Is- citcrl celluloid, soap, 
solid medicinal extracts, photographic plates, silk artificial floaers. 
and textile printing 

In the preparation of ecliuloid. for example, alcohol is iisnl to 
dissolve the eamphor wliieh is mu- of the ingredients of the pnsluct, 
the spirit being eventualK driixl off 

In soap-inuking. alcohol is rniplo;tisi to cinrifv the “ tnins))arenl ’’ 
vaneties nriisl soap is dissoKed in the spirit, and most of the 
latter is distilled nua\ The n-sidiial mass is foriiied into liars or 
cakes and stonsi at the onliiiari teiii]s‘ralim-. alien ilii- rest of the 
alcohol gradually einjioratcs and the soap slovl^ Is-conics trana- 
lucent 

To ulitaiii iiHslicinal extracts issiiiianically. the crude drugs 
(roots, harks, and other (larts of plants] aie extracted nith industrial 
incthylatisl spirit, uliieli is then distilkxl fnini the sidution ao 
pnaliiced, and tuiich of it rn-ovcnsl for future iisi- 'Hie residual 
solid extract can then la’ dissolved in (Hire (duty-)siid) alcohol to 
form the mcdiiinal liipiid extract uhieh in this country cannot 
‘legall" (if cn)ialile of internal use) contain inelhy laird spirit This 
proeeilnre oliiiiites tin* uh-, and the cuiisrcpicnt uiiavoidnlilc loss, 
of the expensive diity-|inid aliviliol in the actiial extraction of the 
crude drug 

In photography, alcohol is einploynl as a soKeiit for the collodion 
used in )irrparing i ollodiiin-einulsiuns It is also usisi for the drying 
of plates and the making of photographic xaiiushes. andas a solvent 
for colours in eulnur-]ihotography 

In making artificial silk, alcohol (2 xoliinirs] is niixi'd «ith etlier 
(3 volumes) as a solvent for the nitro-eellulosr nhieh fornia tlio 
basis of the jirndurt The solution is essentially a kind of collodion. 
It is forced through tubes. diminiidiing ralihn*, until it finally 
emerges aa very fine filaments, which dry as they reach the air 
and are spun together to form the working thread In silk dyeing, 
as also in the eolnuring of artificial flowers and in calico printing, 
alcohol is a solvent for the dyo-stuS cmpkiyisl 

Another important application of the solvent properties of 
alcohol is in the purification of fine chemicals by crysUllisstian. 
Tbo impure substance is usually dissolvnl in warm or cold alcohol 
of snitablo strength, filtered from solid impurities if neeresary, 
and the solution albwed to crystallise. 

Akohol as rawmateriali^In the foregoing cmiee, the 
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nlcnhol cither remain'* ai an instrc'Iicnt of the finiehcil pmiluct, or 
ia rcinored at Home Hta{;e; hut in either event it at ill n-taina itn 
identity »* alcohol Tn other imtanees, however, the elh,\I (or 
methvi) itroup of the aleohol enter* into the molecidar eomposition 
of the )iroiIiiet, and quA nleohol the oriKinal apirit la ih'Htroyed 
Thiia, for instanee, alr.ohnl may Im tmnaformed into ether or 
ehlorofortn In other worrla, it oervea na the raw niiiterial for the 
mannfneture of these eompniinda 

Tlio ehief pmdiieta manufactured from nhs>hol in this a<>nNe may 
lie grouped as follows: — 

(1) . Anssihstles and antlseptlos : Kther, ethvi chloride and 
bromide ; chloral, chloroform, and bromoform , iiahiform 

(2) bters of fatty adds Klhyi formate, acetate, liiitrinte. 
propionate , ethji aeetoncetntc, etc 

(3) Synthetlo drugs ; Phenaeetin , antipvriii, etc 

(4) Dyestuff Intermediates : Methvi and cthvi andmes, etc 

(.I). Aldeiqrde and formaldehyde, 

(ft). Aaetle add and vinegar. 

In the following ]iAges tho pre|)nrntion of thcac and a fevi other 
eompoiinda obtainr*! fnim aleohol la dc'o'ribisl 

M&nufSCtarO of ethor, - A inivture of a imils of alcohol 
(DO to 11,1 )ier cent) and 0 parta of alnmg aiilplniiie aciil ia hr,ilid 
in a atill tn a temperature of 13(1 1411' Kther is formed, and 
diatila over, together with anine water With contimioua addition 
of alcohol in pm|)rrly regulntisl )iro)M>ilion to the hot mixture, 
tho f irmation of ether ia maintained, and the prnreaa gfu's on 
indelinitely The atreaiii of aleohol ia adjiiatisl so that the volume 
of the inixtiire remains constant, and the lem|K'ratnrr is kept 
tietwssm the limits atatisl, sinee below 1311" much unaltered alcohol 
passes over, and above 141)° ethylene gas is pmilucisl, with destruc¬ 
tion of a cniTes|innding quantity of aleohol 

Tho distillate of rnide ether thus obtameil eontaiiis sulphur 
dioxhle, water, alcohol, and sn-ealli'd *' oil of ether,” a deeoniptwi- 
tion product of the side reactions which la'ciir To purify it from 
tho acid, it ia waahed with soda solution nr milk of lime, and to 
remove the greater part of the alcohol and water the washed ether 
IS reetitiisl by ro-distilhitiun. 

Such ether aen’ca fur most technical purposes, hut always retains 
a small quantity of alcohol This ran lie almost entirely removed 
by washing with water Treatment with sul|ihuric acid has been 
proposed for the purpose, but ia not used commereiaUy By drying 
the ether over fused calcium chloride and fractionating, “de¬ 
hydrated " ether is obtained.' 
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The i'lifiiitrftl ri'iiili(m iinulml i'4 oKpn'tHcil In* tin* ni‘ll kiinnn 
i-qvintiniif 

(I) (VlgClK i I lljd. iiiul 

(ii)('slIiOH I C.ll.HSdj (iV'sliO l 

Tlii'iirctii'iilly. tlicri'Iim*. 112 purls nf (iiIpsoIuIc) iiIcdIioI 7 t of ('llicr 
Tlir ('tlii'iiticiilion vessel, roiistrui'teil of lenil-liiiisl iron orolher 
neiil-n'sislinp nietiil. iiia\ lie lieiitisl In iin exlenuil jaeket of Mi|M*r- 
lientnl steam, lull in the more miHlerii jilanlH inlermil healini; eoils, 
mnile of lenil. are eniploM'il In one form of jilaiit (he ethenfier 
is a eUiniler of I X in diameter and 2 in in heii'lil . it takes a 
eliarp' of 1121111 kiloa of siilplniiie aeid (lit)' lie) and l.ntK) kilos 
of Iln |ier <s>nt aleoliot Soinetiiiies the iii‘if 1 and aleohol ari‘ niixia] 
III a .se|siriile vessel, .iinl (he iiiixtiiii uiiriiied In a steam eoil, is 
passed into (he elhenrier hv means of ennipressi'd air In Home 
iii'lallations the eontiniioiis siip]ih ol aleohol .ilteruiinis neeesHiirv 
Is fed into the .Mill mixture in the etheritler (liioii|!h a eriea of 
\eiliial lead tiilH*'. aiianped ill eoneenlrie eirilea 
The ether is fria-d fnnn acid In piissini.' the mi|iiiiiT 8 tliruu|{h a 
le<id-liiied eoliinin uheie tliev ale unshed In a isiliition of sraliiim 
earhoiiate, or .ilterii.itnel\ (he eondensial ether limy he paKsi‘d 
into .1 xessi'l I ont.iiinnir milk ol lime to elfeit the removal 'I'o 
sejiarate the hulk of the alioliol and vvntii pn'seiit, the ether is 
(hen distillisl in a lopfH'r inlifvin);-slill If desiml. (he vii|HiniH 
In-fore eondeiisiilion max lie further dehvdrated h,r jiassiiiK (lieni 
thniii|;h a drving-eoliimn eontaimng ealeiiim ihlonde 
Viialteml akohol reiiiainm)! in the elhenlieation vessel is 
ns'ovensl ]H'riiHhenll.v, toi>ether uilli aleohol and ether n-inainiiigin 
the fraition ri-tainnl In the reetifyiiii; a|)|»iraluil 
Other a|ipanitiiH for the eontiniuiiia {iiinluitioii nf ether norka 
iiiiieh on the pnneiplc of the t'olTev still (p KT), thiiugli the 
inceliaiiieui details are. nf eouisc. dilTerrnI One of the most 
nns-iit IS llarliet's * Thia ineliides a tower dividnl into, nay, 
twelve Htslions, eaeh of nhkh eontaina “jilatca” fm* diapetaing 
the liquid, and is heated by a eoil to a siiitahle teinpcTUture 
.VIeohnI in introduced into the fonrtli aeetion from the bottom, 
uhilal sulphiirid aeid is fed into the top aeetion The aleohol 
meets tlie deaeendinK stream of hot aiilphurie arid, and is jiartially 
converted into ether Thus a mixture of ether and alcohol vapour 
is produced, which nacs through the tower, and meets further hot 
arid in each successive section, the conversion of the alcohid 
into ether thus becomes more and more complete The rosulting 
• V r 47IMVI. 1914 , r. atm B I>. 100490, 1010. 
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pthor pasNCH to a ronilrnwr and ia collectwl Tho three lowest 
sceliona of the tower aervo to remove ah-ohol anil ether from the 
(liluteil sulphuric aeiil which reaches the tmttom 
Tliiti npparatua can alwi Ih< used for the maiiiifactim- of etliyt 
lu-etate or other ethyl esters 

Other processes have hocn prii|Hisc(l for the iiianufiu’turc of 
ether The follow in); may Iw mcntionisl. thoufth they do not 
appeir to hare isune |ieriiianciitly into use on a large scale 
(q). -Esterilication liy means of iK-nzencsuIphonic acid ‘ Here 
tho ethyl ester of the acid is first formed, and reuits with more 
alcohol to form elhor 

(i) (1,11,SO,II l-C,11,011 i H.O.uiid 

(ii) . (■,H,SO, (l,ff, I (!,H,OH ((',H,1,0 I (■.H,SO,H 

Tho lam/smesnlphonic acid is thus regenerated in the sis'ond 
stagi'. Tt then nsu'ta agiun to form more eater; and so on Then- 
aril said to In' no aide-reactions in this process 
(fi) -Mthylene, obtained from oil gas or other comeinciit cssi- 
noinical sourn', is treatisl with sulphuric acid, forming siilphoMiiie 
ntml os in ffisuudTs synthesis of alcohol On addiiig a siiiliihle 
proportion of water and heating, the alcohol formed reacts with 
some of the reiniiining siilpliovinie acid, and ether is pnaliieed ° 
Onlinarily the deliydiatisl. " pure” (“tiler olilamed hj the fim“- 
going pr(K“esac>s still eontaiiis traces of alcohol and water, which 
ran be removed by distillatioii oier metallu' siKluiin (hi a small 
scale this is elTis-tisl by adding shavings of the iiielnl to the ether 
ss long as bubbles of gas am given olT from the imiiiersisl Mslium. 
When the action has ceased, the ether is distilhsl off, and collected 
in a ns'civcr littisl with ii drying tiilie to |)rrvent absorption of 
moisture from tho air during the oiieration 
Ihiri' ether has the s)as;ilic gravity 0 720, and boils at .Vi” There 
aie, however, several (lunlities of ether nssignisisl in trade, and 
rontaining various proportiiuis of water, aksiliol, and other 
aubstaneos; these admixturra modify the s|avific gravity and the 
boiling point wry eonsidenibly 

In this country tho bulk of the ether produced ia made from 
indnatrial methylated apirit, but a certain amount ia prepared with 
duty-paid rcetilied alcohol. Tlie funner pnidiict eontoina uuiie 
methyl ether and methyl ethyl ether, due to tho preaenee of methyl 
alcohol in the industrial mctliylalod apirit 8tieli ether is distin¬ 
guished as '■ Killer, Mcth." Naturally the )iro]Kirtinii of methyl 
compounds present will depend upon tho particular fraction of tho 

‘ Kratl sail Itisn, I) K -F., BVUS. 

' F. Fntsdw, Oh Chtm. JTaduKnr, 1811, H, 0]7. 
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difltillatt' rppn'JHMiW hy tlio ether * wiim* kinds nf “ litlier. Mrtli ’* 
nontnin Imt little of tho methO I'lhera. other kinds iiicludi' u nni- 
aidmhlo (|Uiiiitity 

Tlie ehh'f vAnetiea of ether met Mitli in tliia eoiintrs «n* the 
folloMitit; - 

(1) Ethor pure, np 0 Tlll^ is deli>dra1eil. ni>)iilv puie 
M'tlier produeed from nvtitied spirit 

(2) Ether pure, Hj) ^ Like the nhove iMs h tmide from 

re<‘titied spirit, but eontains appnixiinntely 10 |nt <‘(mt of aleobol 
and i^Ater, and h h'ss piiritii'd 

(3) Ether, B.P. This Ims sp 0 720. and iMiilinir fniin 

It .ipproMinntes 111 No 1. but is not mHessiinb iiimie 
Iniin ]iiii4‘ iih'ohol, and is not ipiite mi hi}dd\ punliisl 
(t) Purlltefl ether, B.P. Tins Ii«ih the sume sp jci diid IhiiIuii; 
riiiiue as No It but imisl eoiifnmi to fiiriber tests disnuiieii to 
e\4'1iii)e iddeliules. |H'ioMd«M and iiu'tli;il eniii|MMindH 
(o) Ether Meth., sp fsx 0 717 iKdiulnilefl, and piae1iealt\ 
fris' fioiti water Its low Kjasilie gravity ih due to the pn'seiut* of 
niethvi ethers uhieli also ^ive it A \erv tow boiling {Munt ■ about 20‘ 

It IS itiamh Used ns a hs'Al amesthelie 
fO) Ether Meth., sp gr 0 720 Tins (sintains aleohol, water, 
uiid iiiethvi (om|N>uuds m \iir\ing pio|MU^ioiis It is iimsI fur 
onliitar\ lalKirntorv' )nirposes wlieie A dehyilratiHl ether is not 
nsjiiin'd 

(7) Ether HeUl. purU., s]i gr 0 720 Tins is deh\drHtetl ether, 
nearly free ftoui water and ah'oliol Itodmg ninge alKuit 3!t' to 
20' Th'sI as a laboratory solvent, and foi tei>]inienl piiquHieK 
when* A iieirly pure etlier w newis,ir\ 

(H) Ether Meth., sp gr 0 73<t (Vuitams minli water mid 
aleohol I'sisl As a Hjivent in onliiiAr) t<*ebnieal o|M'nitioiis 
(0) Ether Meth., sp gr 07.‘k> ('tHfl }>rm<i|)a1l,v in I'e-tnaking 
np|i(iratus Rather enider qnabu than No 8 
Manufactiure of ethyl chloride.- - A mixtim- nf nli-ulmi 
(n:t )ier crnt) and rnnrrntrati'd hydnirhioric acid, in the |iru|Kir- 
tiiHi uf 40 kilcH of the (oriiict to I INI kiliM of tho latter, ia ran- 
(nlly heated in a lead-lined autoolai’e. \Mien the mam reactinii 
is over, the trm|H'raturr la muni to 130" for alaiiit five honra, after 
nhieh the vciuel ia ollnvnsl to cool down to sn-flU" and the li<|uid 
■listilhsl into a cmM metal n>eeiyrr. Tlie jinaluet, whieh eontaina a 
little hydrochlorio acid, alcohol, etc, may be rectUinl from Hli,{htly 
alkaline water to remove theae imirafitiea. Alternatively, hefuro , 
the ethyl chloride va(ionr ia eonilenaed, it may lie paawsl first 
through a washing vcaael containing water to remove acid and 
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iilrohdl, unil thon thnnif'li ii >i)liinin iKukcil uitli fniKiiii'ntH of 
in wliicli lii);hrT Ixiiliii)' bv-prmliii'tH arc condensed. 
KiiniUv il is Icil tlimni'h ii refngcrutor (o n fnictiniintiii)' xcsscl 
Kroin tliis it is distilled fiy niesns of s niiter-lmtii. the rit|M>iir heiiif; 
passed tliinnith stroiif; sulphuric acid eontainisl m ii leaden tessel, 
iind iifpiin eniiclensiKl The rinished pnslurt is lllhsl into sealed 
tiils's or Masks fur transport and use 

fii aiiotlier inetluxl the use of iin nutis-lare is dis|K'nsed uith. hut 
I'aleiiiin eliinride or zinc chloride is iisisl as n latiiKst If ealeiiini 
ehloridu (or other eatiiKst) is not eniplo\el, a liiipriT pro|Kirtion of 
h,\dnK-hhirie acid iniist lie usisl 

llisiides Is'in)' used ns an iiniestlietie. ethil I'hlonde is fnspieniK 
eiiipln.teil ns an iilkvlntni't nKent, es|HS'iiill\ for ninnies and phenols, 
in the svnthesis of dvestiilTs and other eheniiiiil products It is 
Kiiseoiis at the oidiniirt teinis'rntim'. the lioiling |siint lieini; l'2.'i' 
Its sp );r at U' is II!I2I 

Methyl chloride nmv he piepmeil in n innnni'r siiinliii to that 
ilesi rilssl for ethil ehloride. usinf{ ineth,\l alcohol sisliiiin ehloiide. 
iiiid siilphurie iieid Or (iroM-s's jiroi'css can he used .Melted 
ziiie ehloride, I |uirt. is dissoKisl in 2 (sirts of iiiethO .ilioliol 
'I'heii j'liseoiis htdns'hlotie neiil is ]iiihs(sI into the niistiiie, iind the 
n'siiltiil)' inethvi ehloride distilhsi iilT and piirilied ' 

On the liirp'e seide, honeser. it is olitiiiiied In the di,i distillii- 
tiiin of 1 'inH.s.MS, II residue left m the niiiniiluetun' ol sii)!iir fniui 
licetriKit Methyliiniine is evolved, this is lonvertisl into the 
liydnH'hloride, mid heated to a teni|ssiiture ot 2lld-;)lll) .Metinl 
chloride, iiiised uitli melhshiiuine and Iniiielhilaniiiie, is kim-ii 
oir. the two hitter eiin Iw nsnoved In means of hMlrirhlone iieid, 
and the residual niethil ehloride, after heiii)’ driisl over eiileiuni 
ehloride, is (sindeiised hy pressun' into stis’l eyhiiders 
.V general niethral ol nhtaining the haliile roiii|xiuiids of inetlnl 
mid etlivl alcohols is diwnixsl in a (ierinan jinlrnt ‘ 

The nleohol is heated with an aqueous solution of the halogen 
neid and the eurn'S|»nding ealeiiim halide in an oimi vessel at a 
temperature nol ahovo 100" Thus a giHiil > leld of vth,yl ehlondo 
IS S. 111 I to be obtained hv warming ethyl .sleohol and aqueous h,vdru- 
ehlorie arid (It)’ Ih' : sp gr 1 hl^) in the presence of anhydrous 
eideiiiin chloride Altenintively, a iiiixtnre ol iieid and methyl 
or ethyl aleuhol is allowed to tluw rontiiiiiously mto a vessel 
eontainhig heated calcium ehloride 
ManoJacture of ethyl bromide. -Kor aujisthetie 
purgioses, ethyl bnimide may Ira prepared by distiiling a mixture 
* rniH*. Soe , Sg, 1874, 041. • |> K. I>. 280740 , 1911 
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of biil|iluiri<‘ Rihl (I |urt), .ilroliol (I Ity niu) 

K(Mlnitn hnimult* (2 purtfl) Tlu> and i8 lir-^t 4tiit‘full\ run intcj tlu* 
ido(ih«d. (lu‘inixtiin'iM'inKkpptcooliMl Airnnliimttt K K WVMoiiA 
(Im‘ al<‘oK()l nhoukl Im* %itii .1 to Itt pn of iN M4'iKlil of 

ttatiT ThiH M t’onv4'iii(‘iit1v udilotl iii tht* foiin of ultor Iho 
iiiiKtun* of iu‘id imd alcoliol lia< ctMik'tl douii To the cold iiiikIuio 
flir* riiKliuin Imimidts ctaiiydy po>\d4‘i4'd. ik adtlinl, and thu whole 
very K*‘ntl\ diHtdled, first on n wutei'dmth .iiid tiimlly on a Kiuid' 
hath, tlio tcinpeialiire Ikmiij; r»nl\ nlhtued to rK> w the dibtillntioii 
>i1.i<k4'ii'4 Kth}) hroniuh' di>lils ovti' It is piuilied by uaehiiii; 
with dilute (WNhiiiu (.irhonale holutioii und drioii vjtli fii'^ed 
('ah'inin chloride, followed by le-distillatioii if neeewiiiiy To 
removi* aiiv other which it ninik contain, the linuiiide can Ih^ Khak«ii 
up re)K'at04lly with a small <[uaiitil> of stnuif' Miiphiirie n<id* 

A lesM pitrc^ imKhiel in obtaiiui] Iin the aition of bromine and 
nsl phohjilionis upon ah'ohol One |><irl of the phoKphonis im mixt'd 
with 0 |mts of sttoii}; ah'ohol and ti pait'' of hroiiiuie ate alhiwed 
to run slowU into tlie iiii\(iir>. which is k<')it tiNihsI and Hhuken 
riming the lulditioii AftiT standing for a h'W houis tlie niixtiin^ 
Is distilh’d from a Wiitei-bath, the tem|N'iutu)c of whifh is rahid 
shiwU 1'he dibtillute is shaken with dilute nida sohilioii to lenani' 
al ohol and fiee bromine, and tin* eth\l hiomide diawii ofl, iurilier 
puiitiad h) washing with wniei, dried ovei eahium ililonde, aial 
le distillcfl 

The eheiJiuMl rc.aetiofi invulvetl may he <»\piess<sl thus 
.’it’jHs**** : "'I'r ' l» -MVl^nr , W.Vi)^ ! II/) 

Xhnlictl )!ll>\| 

Kill iikkIhmI |iur|M<'-i"- •'tliW lininiulc iir<‘|Hin'(l liv the lirKl 
mctliiKl Is picfctiisl, as il IS iiiiiir fris' Fiuiii iiujninlira thiiii Hull 
iiiailv )\v thi' ]ilios]ili(iius pnicess 

ICtliyl Iirumiile la n ciJiiurli'sH liipiiil, iiF iHulin)! )M>int SHS" Il 
H uwil aa an inhalalion aiiaihilirtu' in iiniuir iiiisliiiil (ijioiutioiiii, 
rithi'F alono ur luixiil villi 1 - 111)1 i-liliiridi- iir ni('tli)l rliloriili- 
It M alao cniployfd as an alkilatniK afient, tbnugh In firqni-ull) 
than ethyl chloride 

Manuiacture of ethyl iodide. This u usually pn-iMred 
by the action o{ iodine on alcohol in the presence uf red phiwphnrus, 
much as described under " ethyl bromide ’’ Various pn>|Kittioiis 
111 ingrcdienU have been recommended Tiiiia Wurtz indicat s 
phosphorus 7 parts, alcohol iU, and iodine 23, whilst Frankland 
used these in the ratio of 7; 39:14. Aceoiding to Beilstrin, 


1 Traiu. Cktm, Soe, lOlS, 107, HUP. 


• U.lt..l’. 112982. 
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1 part i>( ml phuaphonu ia placed in a returt nith ■'> |iart« of tJO per 
cent ulcoliol, and then 10 |)artH of Uxiiae are added gradually, and 
the mixtnni alluved to aland for twenty lour lioura At the end 
of that ]a‘rual the retort la waruiial, and the ethjl iiHlide diatiUnI 
off Tlie crude prialiict la piirilinl h\ uaahing firat with ddute 
aohition of aodiuni hyilroxide, and then with water, after whieli 
tmitnient it ia dried over fuaed eahiuin chloride, and rediatilled if 
luaawaur). 

Walker' naaimineiida the uae of IhiIIi ml and vellow phoaphonia, 
111 e(|uul i|iiimtitii>a, and obtaina alMiiit .'iTO grama of tlie iodide foi 
300 grama of iialiiie natal, or Oil [wr ^•elll of the theon'tieiil >ie1d 
.\a the diaaolving of the iialiiie in tlie iileohol la ledioim, lie liaa 
deviaial an iirriiiigeiiieiit to aliorten the time and lahoiir 'I'hia 
eoiiai-ta eaaeiitially in an ada)italion of tlie priiui|ile of the Soxhlel 
extraelor to the piir|Xiae. A uide-iiioulhial. laniiid liottomeil 
llaak, of alaiut I litre eiipaeity, earriea a two-hohal eoik into whii’li 
are littial an iiilapter. aeriing iia ma-plaele for the iialiiie. and a 
wale aide tiihe. up wliieli the ahaihol vapour )Hiaai-a These are 
1 oinieeted at the top with a tulie which paasi-h to a lelhiv eomleiiser 
The acraiigeiiient la aiieli that when iihohol plattal in the Hash la 
hulled, ita \a|aiur iMaaea up the aide tulie, la eomleiiseil iii the 
relhix eoiideiiaer, folia back on the iodine eontiinieil in the adaplei, 
diaaolvi'a more or leaa of thia iiKliiie, and eairiea it down into the 
llaak, where the vihitioii of iixhiie in ideohol reaita with the plioa 
plioriis preaent 

To obtain aliout ,Vill grama of etii.vl iialide the ingri'dieiita iiaed 
lira .'kill grama of iodine, 2oU of alcohol, 311 of yellow phoa)ilionia, 
and 31) of red |iIioaphoiua The alcohol and the two kiiida of 
phuaphorua are plmaal in the tloak, with a few fragmeiila ot jioroua 
tile to prevent humjiiiig, and UK) giania of the naline are packed 
tightly in the adapter The llaak la then eoinierled up, and heated 
on a water-lmth to boil the aleuhol Diatillatioii bliuuld not he 
oilowrVfl to priK'mi tixi rapidly, aa much heat la diaeiignged diiruig 
the reaetion. When all the iodine lioa been diaaoUed, the heating 
ia rontinued uiitd there ia no longer any coloration in the liquid 
due to iialine. The llaak ia then eooleil, and a fieali charge of 
iodine placed in the adapter, after which the heating is re-eoiii- 
inonced, and the operations repeated until the whole .ItM grams 
of iwtinn have been worked up. 

When the reaetion is cmnpletcd, a small quantity of water ia 
pound down tlie rondciiscr to destroy any phoB]dianmni compounds 
which may have been lonned. The flask is then detached, and the 
■ fraiM, VStm. See., lll»2, SL 71T. 



AtroHoW m 


lH|uicl iliHtilled of! by mcann of a vAl(*r-lmth The after 

bi*in|( wamIiciI nith water. Mjianiti'd fnrni the aqiieona ]ii\er. and 
dried, in praetienlly pure ethyl iodide 
The ehief preeaiition tn In* taken ih the |)ni|ior n^Kulation of the 
tem)N*nitiiTe when the linid ehaiffe of iiNliiie h Ih'iii); dmlt with 
T(ni tiuieh In^il iJioiild he avoided, uiid the luiit hta^'s eoiidiudeil 
hIowIv until ex|a*ru‘nee hoa h('<‘n ganuHl 

MethU Kxlide can lie pnjian'd iti a Miiiihir niaiiiier 
In CnsmerM method of (m'lmmtion, the MNliiie la iliesolveil in 
liquid )iarailiii Yellow jilimphonih is then iithh'd, and afterwards 
nli^iol ^ 

Klli\l iiMlide liAh till* K|i I tM4 at 14 . and Ixab at 72'«T' 
Manuf&Ciur6 of chlor&l. chloral is tnchlomacetalde* 
hyle, CCljC'llthand ts preparofl hs satiiiatiiu; eth\l ah ohol with di\ 
chloiine The alcohol should he as nearl;! iiiihylioUM as can lon- 
\ementl> 1 m> ohtaiiusl prefenihly eoniineiinil iiliaolute " nicoliol 
The liiuil ])nNhi<t f>f tin* 4‘hlonnation is n ir^stallme iiiixtiiie eon 
histiii^ niuiiilv of chlonil nhohohile And chloral, with Honn* of the 
iiiteiiiMsliatr loitqiouiHls aiul I\n proiiiicts Kniin this mixture 
chloral is ohlitiiicd h\ dl^lllh4lloll with strong! hiilphiiiK' mid 
Tlic I diet loll invoKcd iii the chlorination ih a (onqilex one It 
Ilia Ih' explaindl h\ assuming; that the ahohol ih fiml ninsi'iled 
into .ildehyle, CM.tilO, which ih then tiiineforindl into ad>tal, 
Cll,CH(<M\H j) 2 , and suhMspicntl,\ into the com>H|Mindiiif{ tn 
(hloroaictal, CCl,CH(t>Tins, hy the mtion of the hydni- 
chloric acid evolved, is then (oiiVerti'd into the chloral ahsiholafe, 

CCl.CHftlHKOtVIfi) 

According to another view, tluhloro iind tn(‘hhiro 4 ‘th>l cthci 
are iiitermdliato htagi*M m the n^Hction, the ]att«*r iom|Kjnnd then 
tiAssitig into chlond aleoholate — 


CUCI, {’H(10 C.H,- ('H.; Jl**, II 

TrK'hlorofthyl ••Ukt 


(Iilnral 


Fomirrly thn chluriiiatioii wiw a (rdiiiiu 0 |KTatiiiii Chliiriiif 
nan ])a.HM'<l into a relatively amall quantity (Sfi kiloa) of alimilute 
alt nhol contained in a fjIaMt ballnnn, fimt ke|it euld, and t|ien Kently 
narmed, tlig iiroecni extendmg over neekn * 

Aeeording to A. Ttillat* the aleidiol ia iiliteed in a large glam 
balloon nr carboy, eonneeted nitb om* or more eeiuiela containing 


< Ba., 1884, IT. 848. 

■ Kowoe and ttohorieinnier, *' TraAtiw nu (%emMlry,'’ I, (i), 538. 
• BaO. Boe tkim., 1897,17,130. 
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niitcr to iilisorlj llif KdM'oiis liwlnii lilorii' lu-ul i‘\olvi'(I Tb<‘ 
(hloiini', |in'|iiin'(l liy oii(‘ ii{ the U'>u»I iiiilii'itri.il imMrHtct mill 
ran-fully ilrii'il, m iiilriHliirvil wry gnuliially, to avoiil iHUHiblf 
il'iiilioii of till' iilrnliol A|iiirt from Uiik rink, iiiiIi'im the initial 
tciniHTiitun' in i-iin'tiilly coiitrollril, thi- yii'lil of rhioriil i» iliniiniHhcd 
tlirouf;)i till' oi'i'iirri'iii'i' of M'coiiil.iry n'lictioiia In the* I'lirly atniji'a, 
llioniforc, Uiu vusw'l larooliil, liutliitiT,uhon the iiction iinxlerates, 
the oarliuv ix i;eiitly lieiiteil, at tint to fit) iind linaU\ to lIHr (hi 
the eoin|iletioii of tlie reiietioii the li(|uid iH'eonieH uliolly aoluble in 
uiiter, mid .leiiuiri'h a S|H'ediu f'riivit} of alaiut 14 In some faetorii'H 
Hill eliliiriniilion (lenud e\tvndH over Id to U diiya Certmii ^iih- 
Htmiees uliieli act iiii eldorine earriera rei'ulann' tlie leaetioii i|inte 
iiotidily' tliiH iodine in the |iio|Kittioii of I )M'r eeiit of the ah oliol 
has lieen reeoiiimeiidixl for thiH |iin|iose (SiiiinKiiiiihl) 

Thn eriide iiindiiet is transferred to an enamelled distillniK lessel 
(or to a lend lined eo|i|H'r still) fitted vitli a relliix uiraii^enieiit mid 
provided ivitli a Kood tlierinometer for fraetionatiii); piiristsi-s An 
ei|md vieiplit of slroiii! siilpliiirie iieid is iidilisl, little liy little . .ind 
the mixture is then heated to the Isiiliii); |H>mt 111 onler to e\|H'l 
lijdroelilorie iieid and oilier iiiipiiiilies, smli as ethvi ihlonde 
After the evolution of (he t;iis has eeaseil, the lesidiie is distilhsi 
until the tuniis'r,iluie of the viijamrs riM-s aliove liar' The i hloinl 
jamses over at iiIhiliI !I7 

To remove the last trms's of and, the distillate is leetilied 
(pi-vferalily over eiilemm earlsiniite), the fraetioii iiassnif; over at. 
tll° and iipvviirds eonslitiites the eliloral This is then eonverlisl 
into eliloral hydiate liy iiiiMii)! it pradiiidly with the theoielieul 
|iro|sir(ion of water, niimely, 12 2 (ht eeiit of its uei|dit The 
mixture Imeoiiies Wiiim lliniii}'h the reaetion It is well stirred u|>. 
and tliii resultmi; livdr.ite either spread out on a smooth aiirfaeo 
and allowed to solidifv, or else lurlher punlied hr eiystnllisation 
from eliloniform, Is'ii/nie, or other solvent (si-e Iwlow) For 
example, the still warm h}dr,ile ma,v he riiiMsI with oiie-thinl of 
its voluinu of ehloioform, and allow eil to cool in closed leeeptaeles. 
After about a week the erystallisatiun is complete The crystals 
are dramed off and drUsl at the ordinary teni)irrature, whilst the 
mother-liquor serves for erystallisinj; further qiiaiititien 

As already indicated, the elikirination on a small scale by the 
older motlioils is a Iciiftthy process. In recent years, however, the 
o|iemtiana liave been miieh shortened and cheapened by working 
oil a larger scale and with improved methods.* 

The chlorination vessels are of 2.000 to 5,000 litres eapaeity 
* Ulliuann, " Knsyklop. tier Tcclui tticm.’' 1, 401. 
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(4-1(11» I lOOfralloiis^, mule of lead-linni iron, anil flltnl with mils 
by meaiia of irldell tbipy may he heated or eisiled They an- lilleil 
tn'o-tliinls full irith uleuhol. The rlilorine einplnyiHl is (mrifieil 
liquid ehloKne su|i|iliei1 in steel eyiinders. or. in some eaM-s. eliloriiie 
prmiueed in eln-tnilytie alkaii uorks is used direet It is led into 
the iKittoiii of the \essel. and distiibuted m fine jets l>t means of 
a spieadiii).' arranfpmu'iit Tlie siijqily is deluereil under n pimlle 
pressure, and any ehlorine not alworhed can jmss into n Msond 
ehlorinntion le-ss-l In faet it is usual to instal ii series of vessels. 
Hitir a relliiv iiiiiilensiiii; niiniifn-ineiit Ix'lumii eiieli t«o, so that 
no eiiloiine is lost, and the h^MlriHliioiie aeid lapisiis heiiiu fimtl 
fioni iiiieoiiihined ehlorine, ean Im' eonileiiM-d and nroiered 
iis Jinn' and The sujijily of ihlonne is so lejiiiliiteil that the 
(hliiiin.’itiiin III (he first vessel is linislied ill Irniii liio In (hive 
d.iv s 

111 the eiiih stiifies the teniJH'riiliiie is kejil- hiu liy liieiiiiM of (he 
Milter ends It is then alluMeil to rise, first to otl on llie m'isiiiiI 
daj, mill liiiiilli, on the third ilnii to if.'i" The jmsliiel aeijiiin's n 
sjs'i ilii uraiiti Ilf aliiiiit I .'ll iiy the time file iijs'entiim is euiii|ilete, 
and I lelils lit lensf To [ler cent of i rude i hliiral m hen n sample is 
ti'slisl hy distillatiiin nilh siilphnni aenl 

The sijiniiition ami jiuiiric.itioii of the ehloral aie eiiniisi out 
esseiiti.dli .IS iiln'.iili ileserdicsl. 

Cldiii.il IS an ndi hijiinl of ehar.iefelistie js iietintiiif' odour, 
lHidiiii> at !IT and of sji p 1 312 at 2ll A i ertaiii ijiiaiitity is 
nsisl fill the jireiiuintion of hypnoties, lint iiiostly it is rinjiloyed in 
making ehloral hydrate 

Chloral hydrate. When tieatnl vith uater, (hlornl eMilves 
heat ami unites mth the uater to fnini a iristiilline h\diii(e, 
t'CI, (’11(011), 

Tile quantity of uiiter iieiessury for this ehuiige ia aildnl blouli, 
to avoid tiKi mueii ilerelopincnt of heat One hundnsl jiarta of 
chloral reijuuv 12 2 jiarta of water, and yield 1122 parts of tlie 
hydrate To obtain the purest pnshict, thii uolid thus obtamed is 
recrjatallisisl from benzenn, ehlorofomi, earbon disulphide, vn- 
jictroleum ether aa aheuly described. A inixturo of ethylene 
ehlondo ami ethidrne chloride, obtained aa a by-product in (he 
manufacture, has also been used for recrj-ataliisiiig the product In 
onlcr to get the hydrate in the form of cubes or plates rather more 
than the ealeulated theoreUral quantity of »-ater is added to the 
chloral, sloHly and with energetic shaking, which is ismtinued until 
the milky, syrupy moss has quite cooled down and act, this treat¬ 
ment obviates the formation of lumpy massea. The product is 

' I 
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•preul on porc'oluin plutnt, cut into mix'*, and dried in a diying- 
chamber over aulphuiic acid. 

Manufacture of chloroform.— ('Idumform ia mabdy 
obtained rommcrriHlIy by tbe actum of bleachinij iKiwdcr on alcohol 
or on acetone Ita technical picparation it dcHcrihcd in Ckmikrr- 
Ztituny (188(1. 10, .1.38), ax followa. 

The bicachinf! |N>irdrr acta partly aa an oxidiainK agent and partly 
aa a chlorinating agent, lirat eimvertuig {ho aleohol, thniugh varioua 
intermediate Hlagea, into chlonti, CCIjCHO Tliia ia then deeom- 
piaaal by the ealciutn hydroxide of the blraehing jamder into 
ohloroforin and ealeiutn formate.— 

2('I,('H(» I (’a(OH), 2CH('I, | ('a((l CliO), 

Clilnrnl. Clilordfonn Cnlfiuiii foirnatc 

On the targ(‘ aeale, ex|icnenee haa shown that ginsi reaults aie 
obtained by taking 4 paila of bieaehing ponder. .1 jairta ol aleohol 
(Dfi |)er cent), and 13 |airta of water, ao that there are Iti lairla of 
liquid to 4 jiarta of solid The blraehing jKinder is pn-fciably of 
strength 32.1 to 34.1 (a-r cent availabie chlorine a lower strength 
ia liable to diminish tin* yield through ]iniudy of hy'|axhlonte, 
wrbilst a higher devrln|is tisi iniieli heat 

In one form of plant, designed to give n dady output ot I2S kilos 
ol chloroform, there are four generators, in which the reaction 
takes jilaee Thi-so are eyiinilrical iron vessels of diamekr 
2 metres and height 1 4 metres, fitted with atiirers, inlet tubes for 
ab'ani and water, manhole for charging, and outlet to a condenser 
A w»ater tube outside the generator allowa of the latter being cooled 
when nceessaty by tiusliing its surface nitli a little water Tbo 
rharg<< for each geiieriitor is 300 kilos of alcohol, 400 kilos of 
biuaehing (lowdiT, and 1.300 hires of water. 

Tlic alcohol ia first jilaccd in the generator, and then the charge 
ol water (or the aleoholie wasli-water and distillate from a pieiious 
operation). The stirrer is then set workhig, the bleaching jxiwder 
addcil. the inanliule closed, and the vessel heated by steam until 
this temperature of the liquid reaches 40”. Tlic steam is then 
shut oil, whilst the stirrer is allowed to work on until the tempera- 
turo, w hk'h continues to rise, attains 4.'5”. After stopping the stirrer 
the mixture slowly hc-ats up further through ehcmiral action to 
00”; if the temperatiini rises above this the vessel ia cooled 

The course of the reaction can bo observed by means of a g|a™ 
tube which is let into the connection between the generator and 
the condenser. A fine raip of chloroform, alcohol, and water is 
Siam in the tube; this lasts a few minutes, and then tho chloroform 
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beginii to pus over in quantity., ^Vhm about .10 kilos have dis- 
tilloil. tlip stim'r is again M-t in motion until vhlomforni rvam-s to 
spfuiratc in the rweivvr, which is then ehangeil. 

The fiirthiT distillate, l■onsihtillg of nleoliol saturated uith 
ildoiofnnn is eolleeted sr|iarately When a sample sliaken uith 
water gives no tiirkidily the wliolc of the ehloroforiii is over, and 
the distillate is now eollis'ted B))art until the miimiigs eiiow a 
s|Hs!ifie graiily of about This last distillate eonsists of 

500 to 000 litn's of very dilute alcohol. it is iisikI again in making 
up u fn-sli charge 

Tli<> cldoniforni thus obtainisl is piirilini fniiil alcohol and ether 
b\ uasliing and ns'tiliisition Tile washing a)i|iaratiia isinsists of 
11 n.iirow veitical ejlinder litteil with u iwrew iigitatoi which gives 
a motion of tlic liquid from la-low iipwanls Tajm are pliiceil in 
tile side to allow of the iilcoholic wiishiiigs Iwing mil olT After 
tile 1 liloioforiii has las'ii well wasinsi in tins vessi'l, it is removed 
and ii'ililiisl liv dislilliitioii in a cap|H'r still On an average, 
liHK kilos of aliuhol (00 |H‘r rent.) and I,.121 kilos of bleaching 
powder are required to fiiniish UX) kilos of ehloniform. 

Besson's process giies a giaal yiold of a pirn- eliloroform, and is 
a iiM‘fiil means of utilising waste chlorine in hksiching jsjwder 
facti lies and ehstroljtie alkali works 

I'hl.iiine IS laisstsi into strung aleohol until the density of the 
liquid leaches tkl' Jiii (sp gr. 1 32) Two liiyeis are formis], the 
heaiier of which inercaaes gradually until the ehliirination is 
siillieient, when the liquid la-eomcs hoinogeneuns A mixture of 
blenching |Kiwiler, milk of lime, and water, in the respn-tivc pm- 
|Hiiiions of I 20 (rarts for I jiart of alruliol (liy weiglit) is then 
added and the whole distilksi Aecnniiiig to K L'kita,' thu yield 
thus olitaiiiisl IS fnim 0-5 to OH grama pi-r ItlU grams of oh-oliol 

tin a large seiile the procesa is made n eontinuous one, which is 
u gn-at adiantage The alcohol is chlornutted in a vessel arrangi-d 
somewhat on the priiwiple of a siiiall Coilpy's still, and containing 
a iiuiiilwr of iK-rforatisl shallow trays jilaissl one above the other. 
Kntenng at the top, the ak-ohol 8ows over these trays and meets 
a htrrain of dry rhionne, so that by the time it reaches the bottom 
the chlorination is effected. It then posses through a cooling 
•worm into a vessi'l rontaining the bleaching powder, with which 
it is mixed. The mixture is next driven into a larger vessel heated 
by steam coils, where it is treated with the milk of lime at the 
ptoiier temperature. The resulting ehloroform vapours pass out 
and are rectified. By means of a screw worm, the mixture travels 
> J. Vhem, lad., Tokyo, ISIS, 21, 21S. 
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gnutually frnm tlir ('iitraiK’i' nt imr I'liil iif thi* larficr In the 
oxit at llu‘ ntliiT und, anil tlio fmliinr nf thi* lupplu's is n'Kiilntrd 
sn that Ihi' |inii'i-i«i inn )!n nil rniiliimiiiisl}. Tlii> viclil nf clilnm- 
fnnii is will tn 1m' '15 In 105 |iiirts [ht I(K) jinrl« nf nicniinl' 

|i' \\' Krrrulis^ KImh ii ili'tnili'il ili-siriplinn nf l■^|HTlllM'lltfl 
niailn uilli u virw In inipiiivn thn ui'lil nt clilnnifnnn ubtaiiii'il 
liy till' nnliniin iili'iihnl inni-cH-. Tin- nii-tliiHl rri nninicmli'il is as 
fnllims 

One linniliisl niiil lMnnt\ Kiillnna nt !M ]ii'r U'lit aliuhni are 
chardcil iiitn a \rrlieal slill (ti ft ilinnieler, liciKlit H ft) topetlirr 
with aiinieieiit miter tn ililiite the iilenhnl tn 20 pel eeiit stn'iiKtli 
111 II vessel pliieeil ntinve the still, anil prnMileil viilli iiii a)'itiilnr, 
n ipiantit> nf lilenehili); |inmler eipiivaleiit In 1 .VNI lli nt ;|5 jier eent 
stri'nttth is inixisl uilli miter, the iiinniiiit nf miter used lieiii); 
siilKeieiil tn liriiif! tin- diluted iilenhnl in the ,stil1 dnun In III per 
vent Klrenftlh After heiiline the iilenhnl In linihii)' h.\ nieiiiis nf 
stenrn, the lileiiehiii)' tmmler snhitinii is iiitiiidiiied, in sninll 
(|iiantities nt ii time, tlimiifth a pi|x- lenehiii)! neiirU tn the linlliuii 
of the still The whnle ehnifn* (ills the still tn less thnn three fnuiths 
nf itn total eiipiieils 

The reuetinii si'ts in nt nine The ehinrninini is distilled nIT and 
enlleetnl, the liijer nf iii|uenus iilenhnl nliliiiiied in the leeein'r 
Is'liilt run nil inin a liirpe le-ssel fnr use in the ne\l ehni(!e The 
nvernye \ield nlilnined oiei iiii e.\tensive tieiinil enilespnnded mill 
too ill nf ehloi'nfnini finrn 11 22 ;>nllniis nf ttt per eent iilenhnl and 
1177 111 nf 55 jH’i lent liliiiehniK |"i»der, the (niisiiiniitinn nf steniii 
Is'iii)' 2 Inns iil ii piessiiie nl SO lli 
('hlnrnfnim is very laritelj iiinde finni iiielnne and lileaehiiiK 
tsimler, the tiriKvss Ik'iiii! very siniihir tn the nlenhnl nielhixP 
Whether aeetnne nr alenhni is iisisi dejs-iids upnii the ri'hilive insls 
nf the t»o in eninpurisnii mth the ,Melds nlitaiiiisl Aeeloiie yives 
the better yield, and a feu years ii|tu had luipely au]i]ilniiled ah nhol 
as n raw material fnr elitumfnriii, hut the {Kisitiun afteimirds 
tieeaiiie tevenasl, on ueromit of senn'ity of nietoiie. 

In this eouiitry a eertaiii niiiounl of ehhirofnriii is made from 
duty-paid '* rirtilied ” spirit, iiinst. honever, is pimlueeil fnim 
industrial uietliylntod siiirit, or from airlone, as the ease iiiny bo. 
In iwrlirular eirrumstaiires. sjieeially denatured duty-free siirit 
has been employed, the deiiatiirants Ih‘Iii)(. for examplr. bleaching 
powder and methyl alcohol If suflieiently ])urifird. the products 
obtained are almost indistiiiguisliablr one from another Chloro- 

■ l> H -1', » J. l,uL Khs ('Arm , 1812. I, 348, 408 

' Ssittlei, I'Aiiris J, ISSII, [iiij, 20. H4. 
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form pn^juiriHl alfitliitl, liouevrr. in lialilr lo nuiUiii a iniiiuio 
quantity of othyl ohlorule,^ ami that from motlixIaliN] •spirit tram 
of niotliyl oonipounda 

Wliori for use ns .in uimndieiic. tlie < hlorttform in fuithrr 

h> uottliiii^ uith uaIit, tJiim ailli dilute Mdplnme aciil, 
ami afteiuaida with diluli* mkIiuiii IndioNide Miluiion or liinc-waler. 
ami aicnin with water only I'lnalls it ls diird with fiiwsl 
caleiuiu chloiide amt n' distilii*!! 

INin» ehloroform hoils at <11 . nnd liaa a nja'iitie gia\it\ of 1 •’lO 
at I').)' Jl H jtione, howe\<i. to du'ompoM* nli^htK iilidel the 
action of iiir ami lufht and a small qii.uitilv ol alcohol is iiMialh 
added as a piiscr\ati\c This allcits lioth the n|H'cifu }£ra\il\ 
ami (he ImiiIiiu; |Mmit The Hntinli Pliaiiimropo la ic(|Uiics 2 piT 
(cnt of alisolutc alcohol to he added, and uim'h the speiltie ) 2 iitMt,> 
of the ofln i.il (hlurofoim ns 1 IS!) to I 487, with a hoihii^ jamit not 
below till' Krom J tu J per cent is often added to mm otheial 
ehlorotorin, hiin^in^' the sp ttr In aliout I 4tlo I 4iMl 

Bromolorxn. This h the lironnne niialoidU' td eldoiofonii 
and liaa the formula Cintr. It linds MUiie leMriUed ap]iliention 
ns an nn.esihitie and foi othei misiuinal pu^|Hlse^ Like ehloro- 
foriM, It ma\ la made ftoni iIIIhi ahohol ot Ufetom Aieordin^ 
to liM||^es - a \ield ot To ]iei nut niav he oLtamed )i\ ai tin^ ii|miii 
a iiiiNtnn* of aeetoiie (2<l) ami Mala l\e (10) with hioiniiie (2) Aftei 
the leattion is o\er, moie ateloiie m uddid (I volume) to destiov 
theli\|Mihronute prmlmisl Tlieheav\ hromoform whnh NejNiiates 
(ap gr 2 'H)4 at 15 ) is run ofl and ]iiiii(ied i)\ wahhing and distdla 
turn It Iwals at 151' 

Fiom alcoliol in an analopouM manner hromoionn may lie jinqiansl 
b\ the simultaneous aitioii of litomiiie and potushium Indroxide , 
ami uIm) hy ehs troUsui^ a 'adiilion of potiiHsium hroinide in nhsihol '* 
An uquiHiub holution of aieiotie inii} la huhstituted for the ahohol 
in the (‘leetrol^tie ]>ioiT»th n (piantitolivi* weld is obtained * 

Manufacture of iodoform. At (he iimt-nt da. niiiili 
i)f the iodoform jirodun'd is made li} an <'li‘(‘tn>Kti« metliixl, 
B8 dewribed liirtliiT on FoniuTly, honi-MT, il wan eaclufavi-ly 
prppansl by warmuif; a iiiixtiin' of alcohol, iodine, and Midinni 
carbonate or hydroxide lietcr, acetone often replaced the 
alcohol as mw nialcrial 

The earlier imKinw, or one form of it, coiuuhled ui heating gently 
a mixture compueed of alcohol (OS iier cent.) 1 part, iodine 2 parte. 

1 WaiIp And y^nnetnon*, Traivi <*htin Sar, 1(101, 89. 010 

> J Phnrm Vhtm, 1801,84. 243 • .Seheriug,*!) K-F 29771. 

* ZeUtA. EMtrochem., 10U4, 19, 4(19. 
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|Hit>iHi<iuin I'lirlHiiuilr 2 |Mrt>i, Mill nutiT 5 imiiii, until llii> 1i((ni<l 
bn'Hino cnlourinw Tin- hriKbt yellow, wnly prFripitntF of iodoform 
thuH olitiiinnl wim riniuKl upon n iilti>r, wouhril with wator, and 
dric'l in tho air 

Tli(‘ yii'ld tliiiH oblainiil, houevrr. ia only alaiut 17 ja-r cent of 
that corri'hiKindiiiK IhrorFtirally with the iodine ii'Ual Soiiir 
nveiixllia of the iodine reniniiiH iineonveiied into iiKloforni 
iiiaiiily in the fiitrate. though n little is lout in tiie foiin of elliil 
iodide ra|xiiir 

In onler to iitiliie an iinidi of the iraline aa jioMiilile, viiiiihih 
nietliiala have Iweii deviaeii The fiitrate eont.iinN the iiHlini' in 
the form of (lotnasiiiiii halide and halnte Addition of a iiiiiier<il 
avid lilH'nitea the iialiiie in aeeordanre with a well known reaelioii, 
anil, further, anv exeeaa of (lolnsiiuiin iialide still Teiiianiing mil 
yield its iodine on triNilinent with |Kitnsaiiiiii hiehniiiiate anil an 
aeid, or with ehlorine On these prinri|ilos l< llother' liasisl the 
following inethiai 

Thirty-tuo parts oi iialiiie, 32 of iKitassiiiiii eailionate. It! of 
aleiihol (1)3 per eent) and Mil of water an' mixed in a eompariitiveli 
large flask, and warniisl in a water Imtli until the Miliitioii is de- 
eolorised The elear lii|iiid is now dis'iiiitisl and tlie pn-eipit.ite 
rinsed, with tlie addition of a little uiiter, ii|ain a ra|iaeions tiller 
The dis'iinted lii|Uiil is non tnsitixl nith liydniehlone iieid. added 
gmdiinlly at fiist, an exeess of 111 to 24 |iarls Is'ing eiiiploied 
logetlii'r nitli 2 to 3 paits of laitassiuiii hiehroiiiate. to Idieiate the 
imliiie After a few iiionieiits, potassium earhonate is eaiefully 
ndihxl till the Hohitioii is neiitralisrd, and then a further i|iiaiititi, 
32 imrls, of the earlHinate. together with fl parts of haline and III of 
alcohol. this mixture is again digested in the nater-liath. and when 
offerx’oseenee has eeaseil in the green aoliitinn. the suiiernatant liipiid 
is laiunxi off fn>m the pnx'ipitate, and further treatixl as hi'fore 
The separated iiHloforin is rimasl into the filter with the first ))i<xlnrt. 
and when lhean|irrations nn> finally diarontinued t^e eolii'eted 
er,x stills are nell wasliisl witli water and spn'ad nut in the oja*!! air 
to dr,i 

Thus the pna'ess ma) be enntinued indefinitely, or until the 
aeeiiniulation of salts lieeomea ineonveniently large 

In another method, snggesttxl by Filhnl,' ehlorine is used to 
recover the eombined iaduio. A solution of 2 parts of soda-erystals 
in 10 parts of water is mixed witli 1 part of aleohid. the inixtnes 
heated to 110-80°. and 1 part of ioitoe added gradually The 
heating is euiitinued until the solution becomes decolorised After 

< rxarn. J., 1174, piij, I, aw. • J. /'tons. CAua., 1849, [luj, 7, 2>7, .' 
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Mm pwipilated iodoform haa bwn Bltored off, tho Hltratr in mixed 
with another charge of Kodiuin carbonate and aicohol. heatnl up 
again to the temperature atated. and a alrraun of ehlorine led in 
Thia lilieraten more iodine, whieli again reaeta with the alcohol to 
give a further precipitate of hxinfomi The prneeaa ia repeated 
until the product nlrtained n'lireaenla approximately one-half of 
the original amount of iodine. 

0/.one ia rm]ilnved in Otto's pniix'ha for obtaining iodoform' 
A mixture of 100 kiloa of water. .100 of alcohol. 10 of aodiuiii 
enrlinnate. and .10 of [sitassiuin iialide i.- wanned to .TO' and onme 
|MiHS(xl in until (he uliole of the iislide is deeoni|HiHix1 

In (he elei Inilytii' ]>roeeM iodoform is )inKln<'ix| by eleetrolising 
a aoliition of an iixbde in the preaenix- of alcohol .Aixdone or alde¬ 
hyde (an also be cmplincd Accoiding to Klha and Ifera,' a 
Holulioii of 111 to 1.1 pints of mkIiiiiii ciii'lHiiinlc. 10 of jKitaasiiim 
iixbdc 20 of alcoliol, and 100 of wnler ia auilnble, thia ia heated 
to 70' and clcctroI\M>d, using a piatimiiii amxle and a nieki > eathixte, 
and a eiiri'cnt density (aiuxlu) of I nin|x‘ie jkt wpiare decimetn' 
The (iirrciit la jxissed for two or thnx- hoiira, ami after several 
lioiirs the resulting nxloform erystallisea mil It ia rvmmixl 
peiiialirnUi. and (he solution made up again to its original (ximposi- 
lion iiy the addition of sodium eiiibonate, poliiaaiuin iodide, and 
alcoliol A laiiiiuH cell is uaed as diapliragm nxiixl the amxle 
Aecording to Forster and Mewea,® the nxluetiou of the hxloform by 
the hydnigen gmienited in (he elertrolyaia is insignilieant Jhireh- 
ment paper round the katlnxle can replnee tiic usual eirtheiiwurr 
cell with advantage this deereases the reaiatance, and leas eleetrieal 
energy ia eonanuied It also heljia to prexent the formation of 
Kxlate, by keeping the iiberatixl eauatie alkali from eontael with 
the iodine set free at the amxle A stream of earlxm dioxide should 
Ix! jiasscd through the aoluthm to neutralise the eaustie alkali 
formed, as the htter tends to prevent the formation of icxiofonii. 
A solution indieahxl Uh suitable in these cireumstamTa ia i omposed 
of 2 partf of ealeined sodium eartioiiate, 2 of potassium Kxlide, 

.1 of aleohol, and 20 of water, the electrolysis being carried out at 
SO-TO". The current- density at the phitinom anode may bo from 
1 to 3 amperes per sq dciii, and at the platinum kathode 4 to 
8 amperes 

The most probable equation representing the formation of 
iodoform electrolyticatty ia conaidered to be .— 

C,H, 0H -I-1„ + H,0= CHI, -h CO, 4 7HI. 

■ D.]t.-F. lOMI], lacs. • ZMtKh. Ekbrnhcm, 18117,1, 113 

• find., 248 i J. ft. Chtm., 1887, 88, 383. 
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Thr {(Kline- urlw-K from tin- kctlon of imm-nnt ox,>K<'n. lilMrnli-d at 
thn aiUHlii, U|Kin (he |HitaHHiiini ioOide preiirnt 

Advantnfp-K cluiincd for the elretrnlytie priHOHH are tha( it 
iitilisea the iodiiw iM-tter thnu dnea the rhcniirol jinieeKB, and ftivea 
a purer pnuluet 

Iodoform ia a yeltou- mihd meltiii); at IIK", and iKiHM-aamg a 
(leeulinr, rharaeteri-itie (xlour It lx largely uxed in surgery ns an 
antiseplie In this euiintry it is ehiefly iiiaile Irnm iiidiistrial 
methylated spirit 

Manofacture of ethyl acetate (Aeetu- edieri- A 

general hii-IIiikI for olilaiiiiiig the eth,\l esters siidi ns fnrniati-, 
neetnte. hiityrnte, etc , is to distil a iiiixtiin- of aleohol. a salt of 
the aeiil III i|iiestion, mid siilphnne acid Iii'-tend of the salt, the 
oei 1 itself IS oft-n iisisl Kthyl nis-tiite, in fact, is usually on tin- 
large senlo modi- fioiii aleohol, neetie aeiil, and siilpinirie m nl, 
sisliiini nis-liiU- is h-ss frequently employed The siilpliiirie neid 
may In- omitted if a suitable eatnlysl is usisi Wlu-ii Isith aeids 
ani eiiiployi-d, a satisfaetory iiiixtiiie is aleohol (tCi |K-r ei-nt) 
ti vols , iu'(-ti(- aeid 4 Mils , siilphiirie neid .’i vols.' 

'till- niixtim- of aleohol and thi- tuo aeids is distillisl fioiii a u-ssel 
litU-d mill u fraetionating eoliimn, m uliiih a (-ertain aiiiouiit of 
reetifieation taki-s plot-e Tin- issuing \a|HiurK. ronsistnig of tln- 
estor, free neetie neid. alcohol, and wnti-r, pass (liroiigh a vi-ssel 
(-ontainiiig a suitablo Irnsie snlistanre to n-taiii tin- fret- neid, oi 
most of it, and then into n eondt-nsi-r Tlio distillate is eolleited 
in ns-oivers Tittisl uith slirn-rs, in which it is nashed nitli \inter 
and dilute alkaline solutions to remove alimhol and any ni-id (hat 
may hnvo esi-ajs-d eliiiiinatioii in the first vesst-1 It is (hi-n dried 
ov(<r ealeinm ehloridc and reetiiicd by redistillatioii 

On a small scale the following proerdiiro, described by l)r 
Inglis ('lark,‘ may be adopted 

I’laee 2fl3 e e of leetUied spirit (sp gr 0 838) ui a to]i|iei or glass 
Hask, and into it pour the same volunic of sniplinne acid, with 
stirring, and kiH-ping the flask eool. Allow the mixture to stand, 
and when its temperature has falh-n to about 1 gradually 
add 351 grams of dried sodiuiii acetate, with constant agitation 
to ensure thorough mixture, keeping the flask as cool as jiossible, 
and eonnceting it with an inverted condenser to avoid loss When 
all has been added, reverse the condenser, and distil the eoiitents 

* Sec. Iiuwcver, Si'niittroiH luiU Alwuleiicti ]»ruct'Bi, uiiilcr Kthyl Koniiatc 

]>, m 

* Phurm J, 1883, liiij, IS, 777 See aleo Wade, VhtM, Soc^ l9Vo, 
87 . im. 
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•if till' Husk by ini-iiiis of a nnknl llaiiii- or ii niiiiI ImiIi IiII IINI c r 
hiivf pah-K-d over nipsit the dutillutc for time iliixs «ilh S7 xniiiiH 
of fnuhly-drii-d potmisiuni cnriioiiiilr Filfor, and distil the liltmto 
«ith the luil of a Malrr-bath, alo|i)iinx tho dislilliilion la-fon- tin* 
last 30 «'«' havi' iMsstil over 

(lark rviiiaikH that the rxeess of sulpliiini' iiiid eniiiloMil sreunvi 
the ahsenee of aleohol from the distillate, aliilst the aition of thiH 
eveeaa on the ethyl acetate fonnisl ii immiiiined b\ seeiiriiix thorough 
mixture before u|i)dMnK heat Aleohol beinx alieent fniiii the 
distillate. It IS onh iiiTess.iry to iieiitiahso and fni' the ester fioiii 
mitei Kor this piir|aise, |)otassium eiirboiiate is leeoiiiiiieiideil 
as Im'Iiix most eoinemeiit on ii Niiiall sc.ile but sihIiiiiii .netiite is 
(s|iiiill,\ elbi'ieiit 

rsliil! tbe I|iiantilles stated iibow, .. Mere distllksi ofl 

bl'i le. Mliieli eoiitamed 3:|K 7 xi'iins of ethji aeetiite The 
S|| xr of III'' distillate was 0!U2, after iinslinix the esiei miIIi 
water and dixestiiix with )iotassiniii earbonate, the sp ^r was found 
slowlv to diininish .Vfter thiiti hours it was 0!HI23 uheii it 
eoiitamed 'HI 30 of n'al aeetie ether 

I'lire ethil aeet.ite CHiCDtH'jH,, Inals at 77 2 . ,iiid has the 
sp isr 011072 .it I,‘>'’1.7 ('ommertinl "aeetie l•tlnr" olten 
eont.ons 2.") pii eent or mole of impiiiities. eonsistiiix niiimlj 
of water, aleohol, ai elie .aeid, iiiid ordiiiiiri ether Ai etie ether B1*, 
itsed in phiirmaey. is n-qiiinsl to eontain not less than HO pet eent of 
ethyl acetate, and to Imre a ap. gr OHOU to U9U7 

111 tills eoiintrv pure acetic ether is reipiiml to be niado fnim 
dut.i-paid aleohol, but a denatured iinxliiet la allowisl to be 
pn'iiaml fnim s|ieeiall}-denatured mdiistiial aleohol The de 
iiatnrunts saiietioncd vary aeioidinx to the ens'iimataiieen ey, 
aeeordinx to whether the elhjl acetate is to la' uaeil, on the ]ireiniM'a 
where It was made, as an interniediato pnaliiet in the |ire))aration 
of other eompoiinds. nr removed for sale as a solvent, ete 
Ethyl acetoacetate (Acetoacetie ether). 

Tills insiduet is used in making eertain sMitbetii eheuirals, of 
which the moat im|inrtant (ommereially is antt|qnrlne, or mctliyl- 
phen\l|i>Taznlunr The ethyl acetoacetate is pre|iansl from aeelii 
ether In the aetimi of metallic wxlium, folluvied by treatment with 
aeetie arid. On a sniall wale, the procedure is as follows • - 
One kilogram of metic ether, carefully dehydrated with ealcium 
ehinnde, is placed in a large flask (2 to 3 litres capacity) fitted with 
a roflui enndenaer. To it ora added 100 grams of sodium cut into 
thin pieces, the flask lieing eooled meanwhila. An energetic reaction 
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cnnimi'iin-n, cuuitinK (lu- liquid tu ImhI Altrr lliv reai'tiiin luui 
ffliKlpratrd anil iu> more hrat in pToIrtd. thr niixturp ia hcatnl on 
a woU-rdiatli, uainK the rpHux condriuior, for about two to two and a 
half honn, until tho KiHliuin ia all diiwnlml Ttir I'ondciinrr U now 
rrvmmi, thr (>\i'(tM of ai'Ctio othiT diatillpd off, and tu thi- warm 
rmidual liquid iiliO ffrniuH of j>0 per cent ucrtic acid an* nddid, tlir 
whole brinf; well mixeil Aitor roolin)!, TiOO c c of water are |Kiured 
III, and the mixture ajpiin well agitated On Ntandiiig, the aeeto- 
iieidie eater Ke|inmteM out iih an ii|)|ht layer It ia drawn off. waaliial 
with a Hiiinll i|iiaiilil\ of water, He|iariited from thi.a water, ami 
fnietionally diHtillial Ki\e fraitioiia are eolleeted. iorrea|ioiiil- 
ing with the tein|MTutun'a IIM) llld-ltL) I7.> IKi !Md ; lliiw 
fraetioiiH are then lefraetiomitial twice The liiial pnahiit laiiling 
la'tw«"ii 175 IH.'!" ia nearly |iiiri' ethyl aeetiMia'Iale the Meld of 
thia aliould iai about 175 grama 

Thu ]iriahielion of ethyl aeetoaeetate on a larger aeale liaa laaai 
deserila'd in detail b\ A t'libeiial ‘ 

By meaiia of a eiitling devUa.', immerM'd in xileiie, the aodiiim 
la obtained in \ery thin alieea or shaiiiiaa \ large Mirfaie of the 
I lean liriglit metal eau thua be exposed to the aetioii of the aietii 
ether SihIiuiii uiierusted with o.\idation-pr(xliieta aliould not be 
natal, na the inoiatiiri' liable to Im> pri'sent may gite rise to irn'gii- 
laritiea in the react ion 

Thu atulium la meltixl uiiiler \y lene anil east into 11 liiidrieal 
hloeka for eonveiiieiiee of eiittim; .\ cog wheel iiieehuniaiii bringa 
tile bltu'k againat a hori«iiitid cutter, which remmea a .slice of the 
metal at eauh nioiement. 

'Hio aeetie ether imiat Ih' quite free fnim water and alcohol ft 
should laiil Mweeii 78' anil 711°, and bright alicca of metallic 
MHlium imuieraed hi it bIiiiiiIiI remain niiattaekeil for at least two 
lioiira. 

Kor the re.ietinn o|X'r!ition, a heiniapherical eiqqier vessel of 
fully Ilk) litres cn|airity la employed It ia hentixl by an oil-bath, 
and la provided with enp)a<r mla hy means of which it ran either 
la- warninl with steam nr eiHiIed with water, ns may Ik required 
To allow rapid intraduetiun of the aodiiiin, the M<sai>l has a wide 
ii'.anhnle with a lid which ran be rosily remox'eil tlreal care is 
iiereaaarr in thn charging, to avoid accidental access of water. 

The reaction-vessel ia connected through a copper vnndrnser with 
a receim, from which the mndenacd acetic ether whirh distils 
over in the early stages con be passed back to the reaction-vessel . 
ns desired. This nerves not only to restore the supply of acetic 
> Clteia.2eit..iaU.38,S6S. 
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I'thor, but aUii to iiiiiili'rati- ttw ncliun by n.'ilui'iii)' llio li'iii)irnilun> 
ot the mixture Care U taken that the reaction-vessel is ]icrfeetlj 
dry lief ore ehariting, and Uiat no water ran enter in the Hiiliee(|i]ent 
stages 

Forty kilofiruins of ncetie (‘ther are plarni in the cold mwI, 
followisl by 6 kili^rams of stsliuin shavings lt\ uieans of wooden 
spatulas the bitter are quiekly immersed and distributed The 
apimratns is then elosed, and the oiMialh shraly heutisl to lOfl", 
blit not alsne 105 The teni|K'ruture of the niixtun- in the \eK«'l 
IS nssinlisl by n thernionieler; it should only nse slowly. If tliew 
IS a rapid rise, it iiidirnles an irregular maetiiai, prolmbly due to 
w aler or aleohol present iii tile ingnslirnl s, or ndinil ted iiuidrerieiit ly 

W Ill'll tile teiii|ieratun' of the mixtiin- reaches 45-50'', the healing 
Is stopfS'd 'rtie re,irtion. however prissMsls, witli increasing 
teni|irratiin' until tlie Iwiling jsiiiit of llie aeetie ether is nllaineil 
(7.S HO’), when this iiigreihenl begins to distil over The oil bath 
teiiiperutnre is now ke)il at .15 4il) When aiillieient distillate bus 
(olleeled 111 the rei'eiver, it is run Imek into the reaetion-vessi'l 
Tlie ti'ui|s'rntim' in this vessel shoiihl not rise aliove 82 83 

.\fter aliont 3r- l.'i minnti's the distillation slackens Wlieii this 
■H'l'iis, i\teiii.il heating i.s iigaiii appliisl, in such iiiaiiiier us to 
niaiiii nil a leri slow ilistilhilion of aeetie ctlier dining the next 
5 (i hours, by the enil of whieii time the reiirtioii is 
eoiiipleted 

The eontents of the nsotion ve.sse1, eonsisting of sodiiiiii aceto 
acetic ester, sodium aleoliohitr, aleoliol, and excisis of aeetie ether, 
are now fonei] nut into anotlier vessel, lead-lliicil, arul pnividist 
• with a stimiig-apiairatiis 'I'his vessel •xintaina 35 litn-s of water 
for every 5 kilograms of smliiiin riii]iloMsl, together witli tlie ciih n 
lated ipniiitity of aeetie iieiil reqiiircil for i',iuibinuig with the sodnini 
.’\fter liiilf an liour'a mixing, the liquid is passed into a aejiarator, 
allowed to sidtle out dimng several hours, and tlie lowia aqueous 
lav er tliim run oil The ujqsT hiyer, eonsisting of ethyl aertooeetaie 
sinived with aleohol and aeetie ether, is distilleil until the Isiiling 
[mint rises to HO', thus sop.irating moat of tlie acetic ether and 
aleohol The residue of crude ethyl aeetoaix'tste is then roe.tilied 
by distillation under mliiced pressure in a strong vessel of tinned 
(sipiwr, heated by an oil-bath At 10-16 mm. pressure the ethyl 
aeetnaeetate distils over between 88° Slid 02°. Between tho eon 
denser and the receiver a sampling device is inserted, so that the 
specific gravity of the distillate jiassing over can be aseertaiiied , 
the limits 1'030 and I'tMO mdieate the fraction whieh is inlleeted 
as the final product. 



▼ ^ 0 ' 


.148 Al/tillOI. nup. 

Kiir iiMi iii |iri']iiiMti^ aii(i|iMiiir, a vciy puip oslor ia 

rpquimi, miu’O the aurcoHH of tho nuctionn dppi'ruJH largely U|Kn) tlie 
(Hirity of tlio eater The latter should ;^ield not more than 
4 per rent of diatitlate helou ISH ', ulien (Intilled muler 7.10 niiu 
preHitim*. and |KT irnt should hod Mwts'ti ISO' and IHP at 
the preHMuro mentioned Mso the eater ahonld eontaiii at iiinat 
0 5 p<>r eent hy ueight of aeetie neid, ])lieiiol|ilithuleiu indicator 
being uaed in the tent ' 

The ns'ovi'KHl aeetie ethiT, aa also the alcohol |UiNlu<‘ed in the 
n^mdioiiM, lint piuilusl and eoneeiitratisl f<»r MihsiKpiimt ll^e 

The louer, light .vellcm lii\(‘i in the deeoi)i|MHlion \eN^'l loriHihts 
of a solution of Hodiiim aeelate, uitli stmit* alcohol and aietie ellier 
After ilistillmg oil the alcohol and ethei. the solution h e\a|sualed 
and tho sodniin lusdat.* moveied h\ (r\Htnllihntioii 

Kthyl iicetoacetatf' is a eoloiirless lupiid, aith a plea-ant, tniit\ 
mloiir It ImiiIh at ISI 182'. or at J80U 181 2 under 7.14 nun 
prewiins or at 7r, under 125 mm Sp gr 1 ti282 at 20''4'' 
With feme' ehloiide, it gi^es a violet ciilorution 

Ethyl formate (Kormie ethei). HCOOdyi. Aeeunhng 
to Seiidenms and Ahoulene^ a eoiui'inent prorediiii* for the 
indiistrial production ot eth>l loiinate is to heal logethei a 
mivturo of alcohol and toiniie and in moleiiilar projioitioiir.. in 
the pn'senoo of a atimll qiiantit\ of stilphiine aeid fnnn J to 2 (ler 
cent of the volume of the iiiixtiin* Anliylnuis aliinniiiuni std- 
]ilmtu or jiotashium hisiilphate eaii also lu' iimmI a- eatal\^1s but 
the lu'st n'Hults aie given vnth the sulphiiri< acid 

Kopp's method is as IoIIoms * A (mmiIisI mixture of 7 paits h\ 
weight ot nh*ohol (SS yier ec-nt '•tmigtli) and 11 ]inrts of stiong 
Hulplmne acid, is {Minnsl on to 8 juirls of anliulroua sodium 
formate, and the whole (iiiefiilK distilled fioin a water-lath The 
yield of ester, howexer, is less than St> per cent of the thouretieal 
quantity, and the pnNluet euiitaiiis some fonnie aciil To leimne 
this It IS shaken with milk ol bine then dried with ealenim 
tdiloride, and roetified 

K> using sodium bisulphate mstt*ad of siilpliurie aeul, a lietter 
ykdd is ubtainiHl, and (he cater produeed is nearly fri'c from acid * 
Tho bisul|)liato (240 lairts) is well eriiHlied, and niixetl with 40 parts 
(weight) of aleidiul and 68 [larts of Horiiuin formate Tins mixture 
IS warmed in a closed vessel, with frequent stirring, for abmit ten 
hours at a tenqierature of 80®; or, alternatively, it may he gentl\ 

* I'llniMin, Knr>klu|). dor IV'ohii. Clwni 1. 9U 

> remf., 1911.188i 1971. ’ .Inn'i/cfi, IHri, S6.180 

* Kngribkirrhen, D.U.-P. 265441. 
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boilptl 111 a vow»i*l tittwl with a rt'llux londi'iiMT At tin- <*imI of 
that tiini% the olliyl fornmti' is ilihtilh'il olT 

The folinwiii:; iinK'OSH huH loiitf Ihimi iimmI iiiiliiistiiaili 
for inakinK tiu* eth\l foiinate eni|i|o\(‘<l for fiiliiioaliiif; ‘'niiii 
eHMiiie'’ Potato htarcli. 4.1 kilos, in wrl) with 14.1 kiliHi 
of pyroUiMte (t'ontaiMiiig ]Mr cent of MiiO,) anil <17 kiloH of 
water Into this is ]N>un’(i a e(Hilt*(l iinxtiite of |(t kihis of aleohol 
(HO )MT cent) Aiul 14 kilos of strong! siil|»liurie add Oitdi* 
aeetie nd<l is sometimes imhided sir undd 'iriiilation mill/ 
p 1117 Thexensel heonnedeil with a (ondeiiHei, and heat Ap]ilid1 
to Ntait the renetioii, hut no fuithei healing! is ie<|iiired until 
towards the eiiil of the tirod'NS Kioiii 7 to H kilos of fonuie 
ester aie obtained ’Hie reiution pioceed^ lapulK so that six or 
seMii <‘ha^^es can he worked oft m a da\. and ahoiit .1(1 kilos of 
diide e(h^l foiiiiale ohtamed ^ 

KthU loiinale is a \ohitile and intlaniitiahle lu|md. hoihiif; at 
544and of sp. ^rr OIUHattl I It has some little U|)]iheation 
in iiiedicine and in sMifhctie (luinistrv, hut is ihiellv iisisl foi the 
piepaiation of aitilui.d ruin 

MdUiyl form&tef piepued m an analogous inaiinei to that 
employed for the eth)l estei, io eni|iloM*d inchistnidtv ns ii sol\ent 
for .leetyl lelhiloM* It InuIs at .'12'I 
Ethyl butyrate, (‘,li;<'(KKyf^ To oiitam iIuk estei, 

2 imits of hiihne aeid mu\ he mixed with 2 i»ails of tki jaT eent 
alcohol, and the niixtiii'e w.mned to H) with I part of stioiifc 
sulphuric aiul The prodiut is then poiiitsl into water iiiul 
allowed to st.ui<l the ethxl hiiluate si‘|>aiateN out as an oil on 
the top of the IkjukI It is diawii off, wiished with sinIiuiii 
enihonnle solution, and mlilied h\ dis|illation Oi. altdiiativeh, 
the sepaiatiMl ester max he tieated with lahintn larhonati to 
iidiltaliM* aeidity, dehuiiated with fused (nhiiiui ihloiide, and 
diatilh'd, and then finallx ri'idilii'd by re-distilhition (»\er <‘nl(itietl 
nmgnesiu 

A smaller proportion of .aleohol and biilphuni* acid is rcquinal hy 
proceeding an follow.*! Ten part4i of aleohol, 10 of liutyrie a(4d, 
and I of sulphurie acid are heated together to 80'. and allowi^d to 
btand for twelxc hourN The jimduel ia fie|ianihi], waiOied with 
water and with dilute ruidium earlK)natc aolution, and reetiOed 
Ethyl bnt^Tate is a colourless, mobile liquid, of tileasuit, fhiity 
odour; it boils at 119 9^, and has the sp gr 0 8078 at 18°. Hie 
cruder commercial varieties have some ap|dieation as solvents; 

' J. Ktiiulp, iHnq. Pol^. J, ISM, 181, 402 
■ JtcMcoo and Schudenuner, " Traatwe on Uiemtiiry,** 8« ftj. 
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the purer qnalitioe ate hrgely uwd for the preparatinn of artiflrUl 
rum and fruit rwienccK. 

Kthyl butyrate and rthyl propiunato aip new nlitained on a 
conaidiTublp wale aa by-producta in the prp|)aration of acetone and 
putaeniuin Halta from kelp. They arc enipioyeil ns soirents fur 
riDuiH, in place of ainyl acetate 

Ethyl b6QZO&t0f G|H,'COU is used to nonie extent in 
making perfumca and fruit eseences, and also in the production of 
synthetic rhnmicals It is prepared by mixing bmaoie acid, 1 iiart, 
with absolute alcohol, 2 parts, and pa.ssing n current of driisl hydro- 
ehloric ludd gas thrmigh the liquul. The gas is isinvcnicntly 
obtainni by linipping strong sulphuric acid into a flask containing 
mncentrntisi hydraolilorie acid. The dissolution of the Is'nzoie 
acid in the alcohol is effeeted in the coiirM> of passing tlic gas into 
the mixture, by means of the heat evolved in the miction When 
the vessel cools duun ogam it is heatisl on a steam butli, and tlie 
current of gas cuntinuwl until fumes of tlie •icid come oil l)n 
IKiiiring the liquid into water, the ethyl Is'iizontc Mqianites out ns 
an oily liquid which isilleets at the iHittom of the icsm'I It is 
drawn off, and tmatisl witii dilute solution of Midmm cnrlsiii.itc in 
onler to remove free benzoic acid, then shaken with wiitii to 
remove sixliuni carbonate; mqinnitcd, dcliydiiilcd over potnsMiiiii 
carlninnte. and distilled. 

Ktliyl Is-nzoato is a colourh'ss, oily liquid IsHling at 211 2 , and 
of sp gr 1 0.1112 

Methyl benzoate, (wH, t'OU-C'H„ is Iirciwnsl liy distilling 
a mixturi' of lienzoic arid (oU parts by weight), mctliyl alcohol 
(l20[Mrts by voluine), and strong sulphuric ucid ((I (larts by volume) 

It IS a coloiirk'ss liquid of pleasant odour, boiling point IflS 0, 
and sp gr I t)fl42 at 15 /l.’i" The ester is iiml in is'ifiiincry, and 
is known as " Niube oil " 

Methyl ealicylate, (',H,(Oil)('t)().CTf,. is made nrtilicially 
by distilling a mixture of 2 jiarts of salicylic acid, 2 of niethyl alcohol, 
and 1 of strung sulphuric acid. It boils at 222 2°, and has the 
sp.gr I lMt)atlS7l5°, urlltKIatO" It is used somewhat exten- 
siiely in idiarmary, and also in perfumery The naturally occurring 
rater is the ehirf eoiistituent of oil of wintergieen (dauUkena) 
and oil of Btlula alia. 

Manafactnre of ethyl nitrite^— This product is used to 
some extent meilirintUy, two spirituous solutiona containing it 
being described in the British Pharmacopteia. Chiefly, however, 
it is ompluyed eoimncreially for use in the preparation of various ’ 
essences. For this purpose the pure nitrite itself is not prepared, 
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ran aIcoh(dic aoluUun of it, trliioh contams sinnll quantilira of 
kuldohydu and ethyl aei-tatr as well as (lip nitrito, 

' To obtain this industrial variety, 3 parts of 33 per irnt nitrie 
acid arc carried n ith u |)arts of aksihol. and set aside w ilhout shakiiiK 
up fur two days. Then .3 jiartH more of alcohol arc addni, and the 
inixtunt distilled from a bteani hrntisl, aeid-n-sislinit n'toii uiitd 
yellow rn|Mura lieftin to apix-nr Caleuiisl inafpiesia is then addcsl 
to the distillate to ncntralisr tlie aridity, and the mixture set aside 
for twenty-four hours ft is then filteml, and 2 jiarls of alisihol 
added to tho liltnite. wliieli is then nctifii'd. iisiiif( Kentle uariiiiiif; 
at first, until K ]mrts of distillate liii\e (isssisl over 

.Mternatively, n mixture of 3 jwila of enidr 40 is-r rent, nitrie 
^ arid with 12 jiaris of iileohol (!I0 to 111 js-r lent) is earefully distillivl 
from a waterluitli until ml funirs ajipear llie distillate is then 
neiitralisisi with ealemed mafiiiesia ns hefon^ and after twenty-four 
hours |Hiunsl oil elear Tlin'e )Nirls of aleoliol an- non adihsi, and 
till' li(|ind distilled until 10 (inrls base bi’cn eolleeled , the whole of 
thin is linally n'eliliisl atiaiii 

The imxlinl, as slated ahoxe. is an aleoholie solution of ethyl 
nitiite. lint isiiitaining also olilehydr and aivlie ether It is liable 
to lieeunie aeid on kicpmf^, and may then be again msitralised with 
m% iiesia and rcdistillisl 

To ibtaiu jiriw-tienllj jiiin' ethyl nitntc, a inixcas worked out 
by llimstan and Dyniond may he iidoplisl' fn this mrtliod, no 
distillation is reqiiinsl 

.Ihliilc sulphuric acid is made to n-ael with Msliuin nitrite and 
aleuhol at a low teiiija-iatun' The qiiaiilitirs of tlw rcaeting 
eoiiiisamds an- ealeiilated fnmi llie two eijiinlions ■ - 


(I) 2.VaM), i ll,SI), Na/ai, | 2HNtl„ 

(II) (’.HjOII I UNO, --I'jlli I »|0- 


-■V of 


A solution IS made hy dissolving (14 S) graiiia of sod^ salts of 
in water Tlie liquid is diluted to 120 ec aial e -’■•lethylating 
by means of an ice- anil salt-iiath tV-" " "* “""ostic sciuw 
of Do'Oti per cent purity, and cipiation 

' 34 6gramsof thennicj | nNH(CH,). 

interfere with '• sulphate am cm|iloyed for ethylating 

. for example, p-nitniphcnol in the lucpanilion of 
pn^aectin; and for the making of ethyl mercaidan, eu-. 

These alkyl sulphates aerve as a cheap raw material for ua- in 

‘ Milloo, ,4na. Vhim. laij, [ihj, g, jjj. 

Lomw: Aaaa(m, Iniia, Suppl. 6, 220. 
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in A liiiiK. nnrrou kIhhd vcisrl HurnHimlol hy M'c iiiuI xHlt Wlioi 
till! ai'iil liai iHi'n iiildol, ii imli- yrllou liiyi-i nf Hli.il nitrite in 
fonml, eoni|ili'tc1y M'linriiti'il fniiii the Iiwit layer of iolntinn of 
Hodiiiiii Milpliiite Meltiiifj lie nione may be iiieil for llie eiHilin;;. 
but the neiil iniisl then iie nililiil very nlouly iinil earefiilly, to prevent 
riii‘ of teiiiiMTatiin' ami rvoliilioii of iiitrouB fniiieN, 

The ethyl nitrile mo formed eoiitainM only traeeH of iileohol and 
»aler Thu nieohni is removed, iilmoiit eompletely, by s|iiibin|; 
with eold miter in a separator. the iiater iiy di)!eNtioii nith fnwhiy 
IKnitisl iHiliisMiiim giilmnate 

Kniiii .‘III In .‘lii fuiiiiis of ethyl nitrite aie obtainisl, the eiiliu 
Inled yield ih .'IT iiiiiiiis The prodiiet is nlmiwl piiiv, if not 
absolutely so 

.\ Mimeuliat Mimlliir )inieeMM ha.s Ims'II deiieiilHsI In li'elilhiiii'-.' 
but III this ease tlio esiei is Me|Hiiiitei 1 bv voIntiliNitioii niiil loii- 
ileiisisl One litre of I.T )kt issit nieohol im inivisl iiith .TIKI yiaiiis 
of |HiliisMiiiin nitrite, and the uolulioii eoolisl iii iiii lie Imtli A 
iiiixtiin* mode mth .TINt frniiUM eneh of iinler, iileoliol. and siilpliuiii 
aeiil iH dnipiHsl mIohIv into the liist Miliition, the iissel 10111,1111111)! 
whieh is nitiiehed to a isiiideiiser The hisil ot the risii lion siiliiees 
to voInliliHe the ethyl niliite, iihieh is isindensisl iiiiil lollis'leil in .1 
eoolisl nss'iver 

I’lire ethyl nitrile is a inolnie hi|Uiil. ot ImiiIiiii! |Kiint IT iT 
aeennliii)! to Ihinstiin and DmiiiiiiiI. iinil s|i );r OIIIT nl tl ,0 
ft IS very (irime to dissini|H>sition iii the piesoiis' of miter or Iiiiii m 
III arid The l'hiiriiinrn|iieui “ sohilioii of ethyl nitrite '' is n Muliitiim 
of 2.T to :i |K-r is'iit by neifihl of ethyl nitrite in n iniNtnre of 
flT loliiineM of aliMohite aleoliol viilh Ii voliiiiie' of yilMs'rin The 


KlyisTiii nets ns n priwrintiie. pri'siimnliiy liy ri'nson of iIm nllniily 
'•ir miter 


in kniiwn'os*^ nitrons ether " (Sms'l Spirit of Xiln-) in an nbsiholie 
u ^ llniniii);. nreonliiif! to the Ifritieh olKeial n'i|Uin-nientM, 

byiUntiUinga'mU{if/;.'r]. ‘ii*;'* 

ami 1 of ntrong nulphurie , ^he I'harmaisipn.iii dins- 

»p. gr 1188 .t i8"/l5». or 1‘19« at 0”. ''I*".'- ™ l''>«"‘- 

nively 111 pharmacy, and also in perfumery. liif'.U*'’* f " nitru 

eater in the chief conatitiicnt of oil id aintergrren retor 


and oil of JBttula alba. 

Manufactare ol ethyl nitrite,—TUa product» a«si to 
Bonio extent meiBciiuiUy, t«o apirituoua aolutiona containmg it 
being deacrihed in the Britiah rharmacopaiia. Chiefly, however, 
it in employed comniercialiy for uao in tho preparation of varioun 
eMrncen. Tat thia purponc the pure nitrite itadf ia not prepared, ^ 
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thf* rH«>it ia aUownl to emjl. 25 <• r mon* nitrit' ncid adtli'd, aiuI 
distlUatKHi nmliimnl uiilil the mviver eimtiniiiK I.TiNtre Hiw 
la inixMl ^ith another Iitie of altMilutl (1N( {mt mit), or with siieh a 
quAiilily AH uill ninke the ]»n)(liK‘t contain 'JfMi |H'r mil In Hciglit 
of (‘th>i iiHnIe 

Ethyl nitrate (Nitric ethyl iwler), 0 N't)| When nh-ohol 
ia hcnt<*(l with nitric acid alone, thi'ix* ia a luvrtinl oxidaiiun of the 
alcohol, which caumii the (ormutiun ot nitniUH ncid and then of (‘thyl 
nitrdc, inateot! of nitru/c If, however, thi' iiitrouH acid ia d<*stroyi'd, 
as hy the {uhlition of imNii, the |iiire eth,\l nitrate can Iw ohtainiil 
Distil 1211 iriii grAina of n miNtiire (onsi!<tinft of 1 \ol of ]mre 
iiitnt' acid (s|i 1 4iil) mid 2 rols of uhohul (aji 0 842), to 
which I 2 )cr,iiii.>, f>f iinsi have Imth added Ihal t(cn(i), alitl collect 
about Mnen-curhthh The tlMilliitc is shaken with water, and the 
hea\ier ester M*)Kiratisl troiii tin* nqiicona liqiJiil It im |Mirificd 
In wudiint; with a dilute alkali oolution. <lried foi a d»> or tw(» 
tner ciilcuiiii chloride, and n* diatilkd * 

Alteinali\<'l\, 400 uraiiia of ]iure iiifne acid (sp )rr 140) an* 
hcntnl with 4 giiiniH of un'ii to dc^stno lower OMdea of iiitrogtil, 
then (SKihsl, and inivsl with ItNI i{inms of iinsi nitrate and IKK) tnama 
of fdisoliite aholiol A similar inixtun* ol alcohol and nitric acid la 
preimicd without tli(‘ iiiea The firM mixture is dwtilled until 
one half has iuismsI o\er, then the occoinI iiiixturc la allowisl to 
ilrop into the ndort, and th<‘ distilliition loiitinutsl, The iiitiie 
obler i« ic|»aniteil and puriliisi us iKdoie diwTihed Tlie uri'a nitrate 
(‘an of I’ourra* lie ns uet red anti iixsl iiftam ’ 

Kill}! nitrate is a colourlcm lu|Hid with a |»leaMuit, awM'tihli 
odour, it IhiiIs ut 87 0^ and lius the Hp ^ 1 112^ at 15H'’ It 
bums with a \er\ white Haine, and will evjilode if amklenly exisaieil 
to a ftreat heat Wlwn mlucisl with tin and h^tlnwhlone mid. it 
yields liydnixylaininv 

Methyl and ethyl sulphates* The numt nuiKirtant of 

tlii'M' imlustnally are the dimethyl Milpliate and Uie suits of 
luoiKxdh^l Mulphate The former is iniieh usisl as a methylating 
^sit, especially for phenols and for amines of the aromatic Hem'S 
The n*aetion in the latter ease is expressed hy the ecjiiaUon 
(CH.),S0* 1 2RNH, = RXH,CH,HSO*-f-RNH((!|lj|. 

The Halts of ethyl hydrogen soljihato an employed fur etJiyUting 
phenols-os, for example, p-nitrophenol in Uio prejiaraUon of 
phciiaectlo ; and few tho making of ethyl mercaptan, etc. 

Tlicse alkyl sulphates serve as a cheap raw mat<>rial for use in 

> MiUui. vlaa. C'Aim. i*Ayi., 1H43, liii). $. m. 

* Loomi: Aimatm, 1S68, Suppl. 6.220. 
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Hill'll ii|H’riitiiiiiH .iH the fon't'iiiiii! 'riii- ilinii'lliyl rnmiiouiiil i'hihh’I- 
ally liiiH Ihh'II of nfiiMl m'Imii' hi tlie HMitlietii dye iiidUHtry 

Methyl hydrogen sulphate, (Methyl sul|iliune mid. 

inoHiiiiiethyl siil|ihiile). ('ll, IISO, A Ki'iieral iiiethiHl of oldainiiijK 
methyl Hind ellul siiliiliiiti-H is tii tnsit the aleiiliiils with euneen- 
triitrri Hiil|ihiirii mid' hi uitli ihliiiiisiil|ilii»iie Held* Tile lirst 
IlielliiHl Ih eiiiiieiiieiit, hilt siiiie the n'mtioii is a reveisihle one it 
dims nut (.'ive the theiiiotieiil yield 

Knr the methyl hydiii)ieii siil|iliiite, I (uirt hy viei|;ht iif methyl 
aleiihiil IS nn\ed with 2 |»irts iif stiiiii); Hiil|ihune neid. and the 
niintiiFC kept nann tor siinie hiiiirs It is then diliitisl with watei. 
and hiii'iiini eiirhiiiiiite milled in eaeesH, tii neiitiah'S' the (ns- aeids 
After liltnitiiiii fiiMii the hiiiiuni sulphate and e\is'ss of earhiiiiate. 
the liltriite, whieli iimtanis the Imiiiiiii salt iif methyl liyihii|>en 
Hiilphale, Is e\ii|Hiriiled tii a eiiiireiileiitly hiiiiiII hulk, and tieiitisl 
with just Hiilheient sniphiiiie aeid tii pn'eipitiite all the Ikiiiiiiii as 
siil|iliiite, and then again tilteied An aiiiieinis snliitioii iif the fiis' 
methyl Hul|ihiirie .leiil is thus iihtiiiiiisl. whieh ran iiiiw Ih' e\n|HH,ilisl 
III n em'iinin iiver stniiig sulphiine mid 

Methy I hydingeii suljilsite is an inly hipiid, whieh dims not siiiiihfv 
on (SHiling to lit)' (In distillaliiiu. it deiiiin|x>sisi into diiiielhy I 
siilpliatc unil Hiilphniie aeid , 

Dimethyl sulphater in nmar h\ dihUitinK 

immoindh}! Muiphnti* in a Miciititii To ohtuin .1 ^oinI jijclil, thr 

inoiioinctliyl roin|iuiiiid Nhoiild Ini- Iroiii .uatci ntid oHut 

iiiipuntU'N It iumhI not, lioui^vor, hr h(>|miu(ol\ iiivjmitNl \ 
nu\tuu‘ ol 2.) kilos of Milphuric aiih^irlmlo uith Ml kiloa of 
ttliNoliiti* itu’lliyl uU'oliN IH iiiude, tin* t«'n)|N'rutun' licin^ kopt hclou 
O', iiiid pndenddy brUi'i'ii - o’ inul -- 10' Tht* iiiivttm* w 
thiMi diNtdliHl tH nta/o An nlmost .tirld of 10 kilos 

i'Uti Ih‘ ulitaiiuHl' 

KM) {larlN of vldoninulphumr and art‘ luit into 
27 iwriN of ludlijil alcohol at u tnii|MTatiirc of 10' to • )•'»', 
euro Ih'iii^ tnkni that tho li({ui(lti iirt^ well mixed, aii<l iiioiHlure 
excluded The imxtun* is then diMtille<l m a Miciiuin^ (20 nun , 
the temjHTaturi' lieing ahoiit 140 ) Yield. aIhiuI 80 ]M>r tent of 
the theon'tieid 

The ItK'al merlieiitmg uhieh eaaily wt'xin may \w avoitltxl by 

* lliiiiiito Mill! IV>)ii!ii|, iSitl, 15, 4(1 

* CliiOhMiii, J, pt Vhem , IK79.19. 251 rl am/ 

' Merek, 1) It .0., 1.1Xo42 I'Mll, ttaithn, Paleiile," 1, .U. 

* I’lluiuaii. .Inmi/efi, IDtfJ, S27, 1(81 Fur iMimnituo' deUnk, see Lavwr^ 
(\ilii), “ ArbtMtsmetliuilt'ii," 1907, p. 294, 



INDOSTRIAt ALTOflOL 


355 ^ 

cliluling thf* iiH'thyl nlctihul cHrlHtn tvlnit'liloriiit* An 

riianiHKtl uwl HlUil »itli » Hlu\ (inuK'nm'r ix rhargiH] with 
64 kiin^ of iiicUiyl nktihol (iHI |nt cent htn^ngtli) hiuI kiloa of 
<'arl)on tetrachliHKlo Into thih iiiixtun* 24 kilofl of rhloro>nilplioiuc 
Acid an* mIoaI} run, uitli htimng Th«* Mrnohlornk' jn Uioii 
dihtilli'ii o6 on ii uAtiT-bath. und umsl ugaiii in thr no\( rharge 
tht‘ rt'Mtiiic H (lifttillnl iM lYirao na Mon* to obtain the ilinu’tinl 
Hulphiiti *' Sul|)biiru'anbydruiciiia> r(‘plunMhrrlikirostil|ilioni(’aci(l 
Maunrth uml Irvino haw nn'iiitly iU>'4('ri}x‘<l a ni<>tlnMl of 
]>fe|)Ani)g dinn'tinl aulphato by the iiiU‘ru<tion of dimt’tliyl I'tlii'i 
niitl aiilplnir (noMtlf (It P 122<t!IH| SiralMip ^k'lT 
Ibmi'tlivl Milpliatc findM <‘ttiisHl(Tnbl(‘ u|i|»Iu’ation hka iiirtliylating 
ugtMit 111 Ihr pr<*|Mriition of (Ui'xluffx It is a coloiirlesn, oily lujiinJ, 
inholiibk' m uattT. anil with a |N>p|MTiiiint>lik(' tlaxoiir Itoiling 
|Kiint IKK , i.p gr 132:tntirt' It n’qiiin'H fan* in the hiimlling. 
U'l It affi'fts tin* n'hpinitorjk organa Httongl,\ ^ 

Ethyl hydrogen sulphate, (',H, MSo, (^ oiuK-thyi 

aulpliati*. otbil Hiilpliuiii' aoiil, aulpboviiiii' ai'iil) •TIn' alkali or 
lalr iiini m \\ of this iti'id ia iis'iil for rthxlating tnirposcs in the 
inakiiig of pheiiiKTtin and other line elieiniealH 
To obliiin till’ Mdt. or the sulphoMnie Ai>id itM*lf. tlie following 
proeedun' iihiy be adopted To .'i jiartH of absolute alcohol (by 
ueightK 11^* )Hirt*> of strong sulphuric acid are slouh added, and 
(hei the whole mixed, and heated for four houra on the Muter 
bath Aftei eiMjling, ki’ and maUt aie ailded, in oider to dilute 
the lupiid without greutl> raising the teiii]HMaliiie The aeid is 
then neutraliMil h\ adding an eu’m of ealeiuin lathonnte mixnl 
into a paste with water, and the Inpnd filtensi from eoleiutii 
sulphate and exeeiM of larhonate The aohition of ealcnim ethyl 
aul]ihute thiiN obtamixl may Im; made slight!} alkaline with lime- 
water, and eoneeiitrated for use if (hia salt ia nsiuinxJ. If the 
{KiiattKiuni eonifiound is wanted, a Htismg soliiUoii of potaiwiuni 
earlHmate la ailded to a eoneentratod aolulion of the ealemni salt 
until the ealeiuni im all pn^eipitateii (as I'aleiuiii rarhunate) Tito 
pfitaaiuuni eth}l 8ul{diato Uiuh forincfl is soluble, it ta filtered from 
the tms’ipitatc, a little inoro }K)taHHiuin earlHUiato ailded, and the 
aolutum ex*aporaUsl until the salt eryatalliaea out 
If the ethyl hydrogen aulphate itaelf ia wantixl, the aenl liquid 
after addition of ice and water u ncutraliaed xiith barium carbonate 
or with lead carbonate, instead of with ealeiuin eorlxmate, aa 
banuin or ^ad can be aubaequently eliminateil more readily than 

^ Sot .Inon Pmd, CAim, D.R.>P, Fncdlaiidcr, “Kdrtaelmtte 

der Treifarb," 1911,30 ‘ JL«awr>Cuhu, he. eu., p. 1293. 
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ralciom The neutratiiml liquid is filtrmi Arom prscipitatcd 
siilphutr and r-xiins of ciirlxHiatp, uiul than avapnmtad. Ctj-stala 
of barium or lead ethyl sulphate are thus obtained These aro 
separated and dissolved in water, and sulphurie aeid added in 
quantity just siilGeient to pnvipitatc tho barium nr lead as sulphates. 
Alternatively, in the easn of lead, tins metal may lie removed as 
sulphide by n eurrent of hydnifseii sulphide gmi ; or tho bulk may 
lie iireeipitated as sulphate, lUten-d off, and the elimination of the 
lend eoiiipletiHl by means of hydni|p>ii sul|ihide Whichever 
melhixl is uwsl, the preeipitiite of liariiim or lead sulphate nr lead 
sulphide is Kltiwl off, and the filtrate, vhieh iioir euntaiiis the free 
ethyl hydrogen sulphate, is eva|Hinilnl in a viieiiiim over sulphuric 
arid Jt ran eventually lie obtained ns a siriipy liquid, soluble m 
water and in aleohol, but not in ether 

In pre|inrmg smliiim ethyl sulphate fur tis'hnieal use an enamelled 
aeid-pnmf vessel is employed, set in a msHlen lessi'l eonneeted 
with the water supply niid seriiiig ns cooler A ehaige of lilt) kilos 
of strong siilphiirir arid (IKt (sw cent) is pkieisl in the former ii-ssel, 
anil 115 ]K‘r rait aksihol (47 kihn ) run m with stirring, and slowly, 
so that no excessive development of heat oeeiirs After the lajise 
of twenty-four hours, the mixtiiie is |iassisl into a roki emulsion 
of wrll-slakisl lime, whieli must be always jiresent in e.veess Thu 
mixture is liltereil from the ealeiuiii sulphate formed, and the 
latti>r pressisl; the liltrate is then trentisl with mhIiiiiii earbunatr 
to ims'ipitntr the raleiiiiii, and the resulting clear liquid removed, 
to lie liiially eva|sicatisl in a vneiiuni 

If tho expensive iiignslieiit, aleohol, is to la- utilisi'd more isim- 
pletrly, it is necessary to ivniuve the water arising fniiii the 
reaction. This is most eonrriurntly done by means of sulphuno 
anhydride, with which tlir aleohol, dissoirni m strong sulphuric 
acid, is treated in tlic eold.‘ 

Diethyl snlphate, (Iliir|}v'i 04 --This u somnwhat more 
dilGeult to preiiare, and gives a lower yield, than the corresponding 
dimeUiyl compound, but may In.- obtained in a similar manner, 
iiuliihnric anhydride (17 4 kilos) is run into 10 kilns, of absolute 
ethyl alcohol at a temperature of — 10° to — 20°, and the mixture 
distilled in a vacuum. The y ield is 7 to 0 kilos, or about one-half 
of tho thcoTctioal quantity.* 

Alternatively, absolute aleohol is mixed with Mordtiausen 
sulphorio acid, tho elliyl salt extnietixl with ehlorolorm, and the 
product distilled ia mcuo* 

> Meivk, 1).K I'., 17278. ■ /Mt, D K -P., 133M2, 

' ClosiMuii and Lundvall, Btr,, I8IKI, 13,1690. 



INDCSTRIAL AFXIOItnii 


35 ? 


*¥in 

A yield »f 83 (K) per cent ifl said to be obtaiiUHl by diaUlling 
sodium ethyl Milphate in ivieHo ^ 

Diethyl sulphate has not nuieh tcK'hniiml ap)dicAtion It is an 
oily liquid, boiling at SIS'* (willi deoompmition), or at Utt'* uniler 
13 mm pnwure. or IIS” under 40 nim Rp. pr. 1 183? at 19® 
Ttie compound has toxic jiropt'rties 
Tirine and Haworth^ desciilH* u nudluNl of obtniiiiiig methyl 
and ethjl suljdiates by tfie aelioii of siilphiirvl elilondo \i\nHi the 
aholiolH Or, instead of pnqiurinp the siil|»)iur)l chloride first, 
chlorine and sulphur dioxide may he jUMHed into the alcohol in 
(H|iiimoli‘eiil.ir qiinntities On distillation of the tinni renctioii* 
pnKliiet under nnliiml prissiiie, the alk>l h\dniKen sulphate, 
formed together uitli the diallvO inmiisMind, underptN'H deeoinpost* 
lion into Milphurie neid and dinlk>l Milphate. ho that the tatter 
H obtained iii poiMl ;iield 

A similar prrs'(»sH is desenheil hy Ihsike and Diirrans* Into 
33 parts hy Height of aiihvrlnaiH metlixl alruhol Is ]MN.a>d about 
35 paits hy Hiiglit of ehloriiie. and the same ueipht of sulphur 
dioxide This ii an exrens (3 isirtH) of the dioxide, wlileh ozeesa 
may 1 h* nddetl at tin; start and nuunlalnefl throughout the addition 
of th« niix^sl gaw’s \fter ex|s']ling tin* e\n*Hs of sulphur dioxide 
on a Hnti'r-hath. the product, (ontaiiiiiiu dimethyl sulphate, methyl 
hydtojeii Mi1phati‘, nielliyl i‘hloride. and some li^ydnadiloric neid, 
can he iiseil as a inetliilalmg agi*aL, oi the methjl chloride can 
be distillci! off at the nnlumry presHur<> and n'covered, ami dimethyl 
sulphate oljtaim*d by dHtilling the residue under nKlucixl preasuro 
(40 mm ) and rv«disliliing the pnaluet at 34 min 
Ethyl mercaptan (Kthyl ]i}drohutpliide), 

cnni|H)iiml k employed ti'clmieally in the preiwration of the 
hypnotics Miilphotml, trinnak and (etroiml 
To obtain it on a sniall scale a Holution (sp gr. 1 3) of ijotafwiuni 
hyilroxide in water is saturaUxl with hydrogen Miilphido Tlie 
roaotting anliition of potOHsium hydro6id|)htdo is then mixed with 
aohition of enleium ethyl sulpliato (Hp gr. 13) and the mixture 
distilled from a water-bath. The cnide jmiduct ih driwl over 
Goleium chloride and purified by distillation (laebig) * 

Kloson indicates the following as a convenient prrNHxlure ^ One 
litre (A alcohol is jioufed gradually into a mixture of 500 e o of 
concentrated niliihurie acid with the same volume (500 c.o.) of 

> ialicfifeM, Awt 1* 63:i;*e, J fihtm .Soe (Alnit ). 1914,106, fij, 919 

* BP 117924. 1917 « U V 1192S0. 

* Roaooe and 8cls>riciiiiner, on Oiomutry," I. [i], 379. 

•Ber., J987, £0,3411. 
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fiituiiiK Hiil|iiiuriv luiil After itKiling <lii«n, the liquid ia <'Aiefnlly 
run into n mliitioii of Mxliuni rarlHinate rontaining 4 kiloa of the 
rr\-Htal1iar(l unit, i(r licing freely added during the operation The 
iiiivtun- ia then eva|<orated. and the gn-ater jiart of the aodiiim 
aulphate uhieh ervatallwea out ia renioi-ed, eare being taken that 
the nau-tion la alkaline during tlie ei’a|Kiratinn To the reaidual 
liquid la added a aolutioii of laitaaaium hjdroaulphide, pie]iaied 
from KtKI grama of the hydroxide by piiaaing hydrogen aiilphide 
into ita aqiieoiia aoliitioii aa befon' diwribed The mixture la then 
diatillial from a water-lmth to aeparate the iiierenplan Almiit 
toil grama of the eriide jiiialuet are obtained it eontama aonie , 
ethyl aiilphide, (( 

To naiiore the latter, the enide pnaliiet la either diatilled or elae 
tnaitial with aoliition of eaiiatie alkali, whieh diaaoUea the mer- 
eaptan. but leaiea the ethyl aiilphide maohible Tliia ia ae]mmled. 
and the iiien'aptan lilaTatial fnnii ita alkiduie'aolutioii by neidif,\mg 
with dilute aulphiirie or hydmi'hlorie aeid 

Kthyl inereaptaii la a (ailoiirleaa. mobile liipiid. with a la'iietratmg 
garlie like (wlmir It laiila at IHl 2". and has the ap gr tl at 
21" It la only aliglitly aoliible in water, but eaaily so m aleohol 
and III ether. 

Preparation of esters by catalysis, .saiiatiei and 

Mailhe haM- ahown that tariniia eatera of fatty neids. ry. ethyl 
and methyl formatea. neetiitea. pmpuuiati'a. and Imtyratea. ean 
be pn'panat by |uiaaiiig the \a|aiura of a inixtiim of the aleohol 
and the aeid m qiieation iner heatial titanium dioxide' The 
yiehia ohtaineil appniximate to thota' given hy the onhiiarx 
(Ik'rthelot'a) metliial of direct esterifientinn after pniloiiged ixmtaet 
of the aeid and alcohol Tlioriiim oxide is a'so effeetixe. though 
leax an than the tilniiiiim eoiiipoiind 

With titanium oxide heated to 2111)- .'ItHI . and uaiiig moln'ular 
propurtiona of aleohol ami aeid the yield ef methyl |iiopionato 
obtained wax 7211 iwr cent. and of ethyl liutyrate 71 i>er cent. 
The yield ran la* inereaaed by iiaing an exei-aa of either the arid 
or the aleohol 

.\ lower teiu|H-ratiite waa iimxl for obtaming the formic eaten. 
Methyl, ethyl. ]inipyl, butyl, iaobiityl. and iaoamyl formatea wx>rr 
nadily ohtaim'd by iiaasing foniiie aeid vapour, mixed with an 
rxeeaa of the alcohol in question, over titanium dioxide heated to 
iliO°, or over thoriuin oxide at 2III)-22I)°. Tho eatalyiir effect 
derreaaea aa the tem|a'rsture ia lowered Thus in the case of 
ethyl formate, whilst equimoln’ular inixtun's of ethyl aleohol and 
> I'vMfl. mat, lait, ItE. 4M, 1044, 
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furmii* iiriil wvw <‘<4(4>iificcl h\ litdiimin ilioMdr lo tlir of 

(L*> pi>i mit at I'Vr. tliofstiMilif'iitKm nas«nl\ 17 |N'i criit .it 
K\{M‘Miiicnls uith <*(h\l altoliol and .unN I'qni 

moliruliir pioiNiitiniw of iiltoluil and and in iii<h tiiuiuir nidiralcd 
(hat 111 fn'iicriil tin* I'vtcnliriilioii ».i> moif i ciniplidi* (he louoi (ho 
inolmilar uoi^ht of tho ui id '^llu^ uKli (itaiiiiiin dioxide at 
aiM'tie and fornm (17 |M^r <nit of ihr iMn hid isovalom tuid miU 
|>rr irnt At lad*, tnniin and (u |h*i md , as iioti'd 

nhoMx hut iindii' ami onK 2*) )N‘r tnd \s .i nit.iKM titaiiiiiiii 

oxide IH iiioro Adi\r (h.iii Ihoniiiii oxide, iiioicoxn. its aili\d\ 
\ias found to intsisI iiiidiniiiiislied dining I'XpniiiKnds rxteiidiii;! 
oxer taentx daxs 

i'llliiarx ahohols an* (t.leMliMl nioie eoniplelth lliaii sisondaix 
or (eitiaix aleoliols nsinj! the same aeid lot eaeli 

£thyl 61 l 0 . (hi an iiidiistiiat si.de this ^as is piepaied fiom 
aleohol h\ ]|Mdieu s ndahtM piotess |oi the piir|)osi‘ of making 
ethane The aleohol is \a|KtiiMd and the \a|M>iir imhsih] oxer 
aiiiorplioiH ahiiiiiniiiiii oxide healed to IRM) 

VMjiW H,(t 

The ethxlerie thus oliliiiiied is (diefiillx purified (to ohxiate 
‘ tM)i.somn|! of the (af.'ilxsl in the fiirtliei ojN'ralion), and eon* 
XI ted into ethane CjUte l^ssinff it mixed xxdh )iiiiilied hxdro^en 
nxu fri'shix rediKed iiieke] healn) to loft 2(Nt The lesnltiiift 
ethane is used in hiktiuIIx loiistnieled liee/.ini; tiiaeliiiies * 

(hi a small seule it max he pre|iarnl as tolloiis A sohdioii of 
(>0 e <‘ of aleohol in rXN) giants of stioii); siilphiine ai id is mixed in 
n Husk xiith alioiit 2tt() ^'ruiiii of lonrM* sand and lieided to Ittu 
I7lt A iiiixtiir(‘ of 2(Hl e e of aleohol and .'KHt frtams of siilphiirie 
.leid IS diop|N'd into the flask tliniu^h a tap funnel the rate In>iiik 
n'KuIalnl so that a steadx stn^ani of the exoixeil uas is iiiaiiituiiied 
To piirifx the fiuiii idlier aliohol, siilphiii ilioxide and milioiue 
and. it is iiasant through a srneH of xxash Indtles. of uliieli the 
firat may In' empty, and the othem (‘oiitairi in siinessioii aulphurie 
acid and dilute cauatir wmU imlution 
The flinalt <iuantU.> of impurity Ntill |m'seii( can Ik* got rid of by 
liquefying the gas. end then x'a|K>riMng it again nt a t(Mii|K*ratun> 
of —80“ Pure ethylene, hoxxever, ean bi‘ ohtaiiiiil hx uHiiig laine 
anhydride to deconqio*<p the aleohol, instead of siilphiirte and 
A nearly quantitatix'c xiehi of (>tliylene w gix*en h) N'exeth’a 
method,* in which phos|ihorie aeid healed bi 2(NI 220" ia uwd. 

> Spo'iii,./ .SV ChuH hfi, Ifil.). 32, 171, 

> rrnM Vhttn Sttt, IDill, (Uj. 
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On a amnll mlc, almiit iiO or fiO r o of nvnipy phonphorir arid li 
ap ftr 1 75 arr ploml in a amoll Wurtz flank of about IRO r r. 
ra|)arit,<i Thr flask is fittrd with a rnrk rairying a thrrnionirlrr 
and a dmppinii-tiilir, thr end of thr lattrr hrinf; drann out to a 
fine tula-, and narhini; to thr irnttom of thr flask IMiasphoric 
arid of thr sp gr inrntiomd, 1 7S, lirfiins to iioil at apj roxiinatrly 
UiO" It is lioihsl in thr flask for a fr« inmutrs until thr trni]K>ra- 
turi' rroi'lirs 2(K)°, whrn ulrohol is allowrd to rntrr drop by drop 
Kthyirno is iniimsiiatrly disraftagMl, and by inuintaininK thr 
trmprmtun* tirtwrrn Hhl’ and 220" a rontiniious supply of thr 
ftas ran Is- ohtoinrd Kvrn with so small an ap]inrntns as that 
lirsrriliisl. rthjirnr is pnxiurrd at thr ratr of 10 to lo htn-s jx-r 
hour It is hsi thmiifth a amall Woulfr's Imttlr (100 to ITiO r r 
ra|KU'ity) standin); in a rrssid of iis', in uhirh nn nqurous lii|uid 
rolirrts rontaining a smail (pmntity of rthrr, niroliol, niid trnrrs 
of oily iinpuntr Thr gas whirh ]inssrs on is prartirally pun- 
rthyiriir, fnx< fmiii rarliou dioxide, and iilisorlxsl rninpirlriy by 
fuming sulphurir ami 

Kor prr|iamtion on u litrgrr srnir. alrohol ina,x 1x' \a|xinMsl and 
the va|»ur hubbhsi through phnsphorir anil kept at thr Innprrn- 
tum statrd 

If melii// alrohol is nulistitiitixl for rthyl in thr foregoing pnx'rss. 
and thr trin|X‘ratiirr of thr and kept Ix'tnmii 200" and 210', thr 
gas rvoirrd is prarlirsliy purr iiirthU rthrr (('dlOiO 

Synthetic drugs and fine organic chemicals - 

Alrohol is not only used ns n solvent in thr inaniifortiirr of Ihrsr 
artirlrs. it frn|iirnlly niters into thrir nimixMitiun An ethyl 
nr n methyl gniup, ns the ease may lx", is iiitnnluml into the inulrrule 
of thr prixlurt 

The alrohol itself is nut, in geiierid, rinployixl ilinsdl] for this 
purpixx' It is lirst roinerlrd into an intrniiedintr roin|xmiHl whirh 
serves as thr ortual “ rlhyinting " or “ methylating'' agi'ut Thus 
rthyl rhloridr, bromide, iixlidr, and sul|ihatr arr rumimmly rni- 
ployixl to intnxliirr thr ethyl group into n rompound Thr rorrr- 
tponding methyl salts serve n similar purpose when* a methyl 
group is rripiinxl 

As illuatrative examples the foUowing may be mentioned 

The photographie developer known as “ Mctol ” is obtainnl by 
methylating /nni^amidophrnol, methyl sulphate bring ronvenientiy 
used for thr {uirpase. 

Vanillin, rmpioyrd extensively as a flavouring and in perfumery, 
may be ayiithiwisixl by methylating protoraterhuio aldehyde The 
jattrr is dissolved in a strong ablution of sodium carbonate, dimethyl 
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nulphatp nnil tlip niixtiin> licatifl to I'llwl the nMiiiiml 

rnmtiiniition 

Phenacotiii. of wliieh lar||e qii.intitics are i'iU|iloyi<cl in iiH-dicino, 
ia prodneed by otli>latiii|! laim-iulroplionol, naliiriiin the pnalui-t, 
and arrtylntini; it; or liy nilmuitiTo iiietlualH in wliirli tlir rlhyln- 
tion follow* thearehliition. inslrnd of pnat'diiii' it Kthil I'lilorido, 
broniidr. or ioilide, or Mxiiiim olh)! Hulphato, ia roinmonly rmployrd 
as thr pthyiatiii)! aifont 

AntipiTin, aiso largely umsl in niedieiiie. is an exainple of aome- 
what dilferent eharaetiT 11 is obtained 1\\ the eonibinution rd 
etlivl neetoneetato and phenylhydiaxine Ahsihol fiirnialiea the 
ran' inateriai for prodiielion of the ith)l aeetoaeetate 

Mercury fulminate, 11 l-d ‘ AV 'linn eoniinaind h largeiy 

iisisl 111 the pre|)arntinn of detonator'' for exploaiveH It la made 
by tile iiiternelioii of inereiirv, iiilrie and, and aleohol 

Soinenlinl varMiij' pniiMirlions of uignslienth an* giseii by 
dilferent nritera 

(i) Due iKirt of niereiiry is disMilved in 12 |mrli< of nitne aehl 
of sp gr I .‘M'f , to the Holiilion ri.'i |airt.s of !Ht {XT eelit aleohol 
an' nddisl, and the nhole is nell shaheii After a little tune, when 
an eiieiiietie reiO'lion has eoiiiiiK'iuisl ti pnitn more of tlie ahsihol 
are gradually addisl At liial iiielallii iiierriiri M'pnrntea, but it 
siibseqiieiill.r redissoUes. and ile|i»i<iln as iiien'iine fiilniinato in 
flnhes' 

|ii) Thor|H'' slalei. that I part of men'iirj la diHMilved in 
III parts of Iiitiie ai-id (ap gr 1.1:1) and for esery kilogram of odd 
iisisl. I hire of aleohol, ep gr IIKII ( iKl2 |)rr is'iit by soinnie) 
IM nddisl 1'he reaetion iM'giiia either Hjiontaiieoiisly or on alight 
narining The o|H'ralioii la i arned out either in a liilmlaled retort, 
the evolveil gaaes then eaenping into a Hue. or else in glaaa liallwina 
plmssl in an open uiNalen ahisl After the ahsihol baa Ixs'n added, 
the o|XTnlor avoida the alnsj till the rearthm la eomplete 

(hi) Marahnll gives the. folhmiiig partii iilam' Tho mensiry ia 
lint eleaiiisl by Mpiis'xing it thnnigh waali h-atlier 05 Kilo, ia 
wi'ighed mlo a gla.sa llAak, and Ci .> kiloa. of nitric acid (ap gr. 1 36) 
arc addrtl When all the mereuiy haa diaaolvetl. the aolutiun ia 
allonred to cool, and then ia |mnnsl into a large glaaa Hank containing 
.5 kilos, of aieoliol (00 per cent atningth) which haa been wanned, 
if necosaory, to a tein|ieiatan‘ of 20’ or 25'. A reaction acta in 
almitst at onee, accompanieil by elfcrveaccnec, anil the temperature 
of thr liquid riai's ra|iidly to about 80°, the reaction then inotlcratea, 

■ Ber., 1870, 787. > “ Did. A|<phisl Cham.,” IT, >31. 

* '* Explosives.'* 1917 edition, If, 709. 
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(ml tiu* t<>in|M‘nitun' cm slf»wly rising to tcr (Vutnls of 
*rultiunato form, iiiul white fumes (ill the u|)|nt |)art of th(‘ tIuHk 
After ttlMiiit tern minutes, reel fumes Apjiear, va|KHirH an> c^xolvisl 
mon* riipull), mon* nolicl is formed, mid then* is a fiirtlier nsc* of 
teinfieratim* to alxmt Hh The mielion Ihc'ii modcTntc'H * it lasts 
nllo){etlier tuenty to twent) (i\<> minutc'H 
Thf‘ ecmteiith of the (Insk an* then |)ounsl intc» uatcT and unshed 
by decantation until |»nietiealty all thc> acid liaN lasn rc'iiioved 
Tlie fulminate is nou eolhsdcsl on a inushn liltiT, and the uasliPii; 
(‘oiitmiied uith distilled water until the h(|iiid |Mssinfr tliicaiKh is 
no loiiftc'r aeid to litmiiH |)a|HT Ahsihol of 82 to So jier c'ent 
Htn'iiKtli is sometinieM emph^ycsl For the washing; The MC'Id is 
XeiiernlK i 2 (o I 2 k loo ol fiilMiiiiiite foi each kilo of meieiiii 
The fuiiieM ){i\en c)IT me |miihoiioiis and iiilhiinm ihle thev should 
Ih* i‘emo\(‘d b\ nu'ans of a ucmkI draught 'Fliev ait^ coiidi'iised in 
Ntoiieuaii' lesscda, the licpiid consists cif iinchangcsl idcohol con 
tniniiiK eth\l nitrite and nitmte, aldcdivdc* ethei. and olliei lu 
prcKliietH ft IS lrc‘f|ueiith mnploved as a |Niitial deiintiiiaiit loi 
fn'ah alcohol 

(tv) 0 lln);en dc'senU's m dc>lail (hc> follouiiif; preardure*. known 
on the (\intment as Aldcis method * 

In c‘A(‘h of lo wide-ius'kisl flasks of coloiiHc'ss ^l<ish .'i lities 
i‘il|m(llv, Is placed 4 5 kilos ot w{itei-eli>ar niliie ac‘id (4n IV 
sp gr I 58), and !I5 4tt ^nams ot irianiilated r.iiie me dishoivcsl in 
each c{imiilit\ ot acid When (he /me has dissolvc'd. 5(NI (jMins ot 
pure meieiii,\, wca^hc'd out iii a tllee (lask, me luldcsl. mid the* 
men'iiry dissoivcsl in winter Ihi' mi%tiirc‘ must he liealc'd on a 
wuter-hath To avoid loss through spirting, the flasks are IcmimOv 
stopiN'red. and in Hummc'r, Iwfon^ adding (he alecdiol at thi‘ iic>\( 
stage*, the flasks an* eociled with water to pic'vcnl (cm) cmergetie 
net ion 

A HiTies of 15 ndorts, 50 litivs eapaeit). is arrangcsl with their 
outlcds passing eiieh into uii earthenware* v<*ssc*l, provided with a 
tap at the iHittom for ix'inoval of eondcmsc'd fumi*s, and tittcsl at 
the top with (‘nrthenwnn* csmdc*nsationduhi*s jiossing eventiiallv 
to the o[ien air In eaeli n*tcirt is plae(*d 4 0 ktloa of 1U |M*r c*(*nt 
aleohol (hy volume) deiiatun'd with turp(*ntme. and 30 grams of 
a N(iturat<*d aoliition of eop|N*r nitrate (50^ Be*) l*fic*ii the eontenla 
of one of the large* llasks are added, at a trem)x*mtun* of 20 25 
In a ahori time the t(*m]>erature risH*s, and i*ventuaU\ nn energetie 
reaction st*ts in, white fui)u*s nn* e\ 011 * 1 * 11 . and the fulminate begina 
to font! Will*!! the* reaetion has iiuHU*rat<*d. and the fumes have 
* /. ijtM, «SVAim« h Spniuj-ttoffu/.i mil, I, 28, 41. 
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bi^coino uitli n titip* tlinrloit 

and hH aniO • to ciHil down >>ol] 

Th(‘ oontoiits an* then tran^fern'd lo ,\ lalg<^ aril isln/t^l oaitluii 
aan* \(^s('l. tlx* irtort hriii^ rinM‘il onl aiDi ooM aiilrr Thr 
])m’ipUatt‘<l fuliniiiato is tillm'd o(T (hriHi^li ii Iiiini liltrr. and 
wasluHl aith alrohol of H2 H5 |M‘r rriil until the 

flivo lit) turbidity ahrti aril iIiIiiIim! uilh antrr Wnhlimii aith 
watiT altmr iit thim stacr h not coiihidrrrd *«ittiHfa('tor\. as sonic* 
rth\l mtratr and iiUiiti* inai U* Irft in . aholiol is tlirrt>(orr UM‘d 
at liiNl Thru tin* aaslini^ is roniplrUMl aith aatrr until tin* 
s|M‘(‘ilit' ^niviti of till* aasliin}r« is 1 n. and blur btiuus ]iii|ht is no 
lon^tT nMli)t‘tu>il In tlimi 

Tilt* fiilininati* in.n still (oiitain l•^tr^ln^•ous ini|aiiitH‘s muIi iih 
librrs ttonch )uiii<l(‘s. fiii^riiitiits of rork and so tui Tluw art* 
ifintnctl b\ siiniiii! llirouKl' "dk irau/r (MHi nii‘slH's |mt si| rm ) 
stri’lditsl tniT oiH' riid ol a jrUss \ \limlrr 2."i »''in 2n i in . wlurli 
is simktii ill about .’litlitirsof uatrr t*onfain**«| iii a vrssrl of Ht) IMlrm 
ili.iini'ti‘i 'riic* fon'ii!n ina 1 f"is arr Irft brhiiitl on tlir suno Hrfon' 
sitnin^ tilt* fulminate is well stined up m water with a wiMHien 
s]>alul«t to allow pnilieles of nietallii mereur> to M*ttle down 

KinalU lhi‘ nit»i'it fiibiiinate is rubbl'd dttwn into a iiiiel^x-dixidptl 
stale b\ means of a wooden [M-slIe in ,i |Kirielaiii dnli Plie pindiit 1 
I- collet ted III eaitheiiv'aie jars and allowetl tt> stand for two davs. 
Diiriiiii this (line the fiiliiiiiiHie settles tlnwii and the HU|N'rnatant 
water tan Im* n'liunetl leaMiij; the lesulual linal jirtMliiel, whieh 
eoiitailis iilMiiit ]o |MT tent of moisture 

(’oiideiisatum of the fumes In ineaiis of a etHiletl lend worm is 
ndoptetl In Alder, but this m not iiKonimeiidetl hv HaKcn A 
liitnifC for the joints of the eartlienuare tiihes is made hy prindinj! 
lip fined ela\ to a line ptiwdei tpn»*'<»'K thnninli n sieve with 
2a meshes |ht m| tml. and mixing this with onlinurv enide 
(flyeenn (2H ’ He) to a suitable etmsihteiiey 

Uitermediate products lor dyestufis; alkyl- 
aniUnes. Monomethylaniline, (’.HsNHCH,, w imi- 

duPMl lii'atin){ anilino li\<lnii'hl<>niU' or inil|ih«t(' »ith iiu'tli_\l 
alrahol undrr prcMUiv 

fn an cnamclW ttutrx-lavf an- plaml M |)arth of aniline hydro- 
chlondc and 16 jiarta of inctiul alcohol (by weight), and the mixtun- 
heated during two to thm- hont* at n tem|H‘rature of 186'’. The 
prewnm- rim-H lirnt lo alniulatmiMphen-H, huliwx|uentl\ increaaing 
to 25 with the progress of the nwUon After the pressure has 
fallen the heating is ixinlininxl for a further six hours or so at 180'. 
-tn excess of milk of linn- w then mixeil with Uh- products of Uie 
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reaction, and the incthyinnilini', top-thcr with aomp dimpthyl- 
tinilinc and nnchan|!od aniline, diatillcd off < 

Altcrnotivciy, 70 jiarta of aniline, 42 of methyl lUeohol, and 8 of 
nnlphurie neid niny lie um-d, thn mixture lieini; hentiel in an auto¬ 
clave ill alKiut 200’, and the free* liatea oeparated aa liefore * 
fn another piweiia 140 jiarfa of aniline, 32 of melliyl aleohol, 
and 1 of iodine an- heated together for It) iioum at 220° ’ 

J’lire inoiioniethyl aniline haa not miieh tirhiiieal apjiliratiofl 
If deaired, it can he aeparatnl from the pmdnet obtained aa aboi'p 
by treating the mixeil baaea with an r()iiivalent quantity of 
p-toluene aiilpliiu'liloride and dilute aoliition of MKliiiin hydroxide 
Thin eonverta the innnnmeth>laniline and the ainline into the 
rom‘H|Kinding tnliiene-aiilpho-derirativea, wherena the dimeth\I- 
aniline ia not attacked and can lie diatilled oil with aleam. The 
n'siihle ia then extraetid with aodiiim hydroxide aolntion, whieh 
(leea not diaaolve the tolneno-aulphn-ineth)laniline Tlie latter 
can then Iw hvdn>l\Hcd hy warming for a aliort time nt l(N)" with 
an tapinl weight of siilpinirie ueid (hi ponring the pnahict into 
water and ailding milk of lime, the iiietli} laniline ia lihemted, and 
ran bo diatilled nd in a current of ateam * 

Pure iiioiinnieth) liimline IS a eoloiirleaH liquid, laiiling at I!I3' 
Its a|i gr is 01)711 nt l,'i° 

DitnethylaililillB, («Hj M(l'il,),- The insniifnctim' of this 
has Ihh'Ii dcserilsal in detail b> .1 \V,iltiT'' It is obtoinnl for 
teehnieal |iurisisen by lieiiting 80 kilos of pure aniline, 78 of iiirlh)l 
alcohol, and 8 of hiilpliuric acid (00° lie , - sp gr I 8tl) in an 
niitoelave to 230-23,')' fur nine to ten hours The nutis'lnve is of 
east iron, enamellwl inside, and the nafiiisile tenipi'ratnre is obtained 
by means of a iaith of molten alloy, in w-hirh the autiwlave is 
iimnrrsed The alloy is rnm]nwed of lend, 71 ]S'r eent, ami tin, 
211 IHT mit During the heating, the pressnre in the aut'K'lave 
rises to 30 32 atiiinspheres by the end uf six hours, remains ronataiit 
for anothiT tlinv hours nr so, and then gradually falls 
.Ifter tlir reaction is roinpleted, the vessel is allowed to mol 
down well, pnderably dlinng the whole of the next day, when it 
is opened, and tho issuing vapours passed through a condenser 
to recover the methyl alcohol prestmt in thorn Methyl ether, 
formed as a by-pnalnet, is also present; it is either allowed to 

* (^in. “ Intonnodtato |t. 00. 

* l)iunmi*r. " Tpchuolugic,** IK, 948. 

> 1) i\ V, swsao. 

* Rrtt aIho a pA{>er fWiklund, ChallpnKrr, «iiil Nichidltt, Trans. C'Aem. 
Soc., 1919.116. 198. 

» Chtm. Ztti., 1910. 3«. 041, 067, cf Mf; 
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escape in thr gasi'niH form, or io nvuvcml a^ ilinirthxl milplintf 
liy alMiirIrinji il uith futniiie Milpliuri<’ luiil 
Tlio cnnU'iita nl tin* autdcUvc ntc flii’ii |himhI iiiIo ii alill. IhhcIIiit 
with H quiuitily uf l'llu^lh■ mhIh miIiiIkiii nlrn■^)Nm(llll)! with llir 
amount of aulphuri<' acid uvcl 'riic IiIutiiLhI dinu'tli,i laiiilini' is 
no\t dUtiiivd off in a cnm'iit of Hli'ani, and |nsM"i into a W|airatin)| 
vcan-l, from nhuli tlio oondciiscd water I'un la> nin off The yield 
of the dimeth}! prixliiil ii alKiiit IM kilos, oi ill |a'r emt of tlie 
theoretical. 

The chief iiiipiirities iinsicnl in euiuiiu'ieml diinetliylaniline an- 
aniline and the iiionoiiielliil eoin|aaind. with sniiie hiiilier iMiihiif; 
eondenaatiou-produeta aiiainf: from tlie iisc of mi]>iin' iiietli}l 
alcohol When iicccssiri. tlie laiioiia im|iiiriticH <an he reiiiinni 
hy fraetional distillation, or by fn'crmir out midhiHls 

It la inijairtaiit to use alcohol as free as jaiasililc fioiii acetone, 
ns the preaeiice of this coinpoinid diiniiiishcs the Mold, and rendera 
the pnnhict iinauitahlc for sonic pnriaisca 
' JJiniethylaiiilino la a nearli eoloinlcss, oilj liipnd. winch inclta 
at Ofl“. and lioils at l!li!.‘) Sp (;r IMH12 at iri'’/l.’i It la usisi 
in the production of seicral dyestuffs, l y, methyl liolct, nietliyl 
oranKC, Mcldola's hinc iryalal Mulct, anil malachite (ncen, and 
also for the niakiii); of iiitrosiKlnmlhylainline and dmicthyl-m- 
sniiiiophcnol It is alaosind to he cniplojcii in (iermany for the 
)iiiiductioii of • inetlivl rubber,” in onlei to ininuae the clasticily 
of the prmluet 

A catalytic jiroeeas for the pnaluction of metliyl aiiilinea has 
recently been dcaerilnsl A inixtun- of tlie vapours of iiictbyl 
alcohol and aniline is imiwsl over ahiiinnn hcatcsl to a temperatun- 
of 400-430“ This gives a niisliin- of nionoincthylanilmc and 
dimethylandme, with only triu'ea of aniline reiiiaininK in the inixtun' 
On adding further methyl aholiol and rciaatiiig the ojaration, 
dimcthylaniUne ia given (Mnillie and de limlon).* TliiB pria iua 
diapensua with the use of aiitoehiviw and high pn-Hauna, and more¬ 
over, the metliyl alcohol mssl not lie apeeially ]iuriliisi from acetone, 
nor the aniline from water 

A similar method is said to bi- equally mtiafactory to the prepara¬ 
tion of the methyl toluidmes If the vaiwura of either o-, or 
p-toluidine and methyl alcohol are imased over the aluminium oaide 
at 350-400° a niiatnre of methyl- and dimethyl-toluidines is 
obtained. A second treatment convert} this miiture wholly into 
the dimethyl toluidine.* 

EihylailiUlIB, C^Hi NH C,H,.—His is produced by heating 
i Oimfl. rend, I9H. IM, 4»T-I09. ■ rtid. 504-884. 
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of aniline IimIkn'IiIoikIi' and eth^l al<‘rilio1 
til IM)' ill an nutot'lave, ah uith the fiirn‘htKiiulin|4 iiietli>l I'oiii- 
imund On iiNiUnK. cthylaniline )i\drcK>)ilon<le fiirniHl matai- 
liMCH out, and eaii thua In* M'jiBratHl 

Kthylnnliiic ImiiIh at ami itn h]i gr at I*>‘ In la 0!Ni4 
It hiiH not mui'h t(*ehiiU‘ul aiipliration 
Disthylazxiline, f iHk N(OiHg)i, ia obtiuncd 1>,\ h£*ating the 

n‘(|UiHite iiroiKirtioiH ol anilmc h^driN'hloridf and alcohol under 
])n*MHiire, hut Ih not n^udily prrH'uri'd eoniiileteljk fnr from the 
inoiHN‘lh>l (*01111101111(1 It ih a ]i([uid. boiling at and of 

Hpecilie gravity 0 030 at 

Hy tmitnieiit with nitne aeid it ;iieldH /i-ni(rohodie(h;^laniliiii*, 
from wliieh pun* du*thylAniline may he obtuini*d tog<‘ther with 
iptroHophi'nol hy heating with diliiti* MNliuin h\dio\ide Koliition 
Ihethylamline ix um*d for the pniduetioii of the dvextiitlK brilliant 
grei*!], patent him* V, and etlnl purple 0 H 

Etbylbenzylaniline, ('slljN'((',lls)('llj(',ll,, This is a 

lii|ujil, iHiilini; nl 3Mo-2Sri° iindor 71(1 niiii pn'hsuir, il is iimsI in 
the |in‘|Niration of the dieNtiilTh known as light gr(*(‘n SF. pat(*iit 
blue A. and x>leiie blue AM It nun he pn'|Nm*d b\ boiling e 
inixtim* ot ethylanihm* (I part) and In‘iik\I chloiiUe (2 |urts) 
under a relhix eoiideim' for four lioiirh the prodii.'t In'Iiu; then 
fnielionated to remove i‘\(’(*hh of iH*n/vl ehlondi* and (*lhvl.iniliiie 
(Stehliins )' 

Manufacture of formaldehyde. The inniiiiiii' m- 

volv<‘(l IH the oxidation of nieth>l nleohol vnpnui mixtsl with air. 
hy meann ot healed ' (smtaet ' Kul)Htaiie(*H On imsKitig the 
riMiilting inixtim* of Mi|>ours through a Hiiitahleieetjfviiig ap|Hinitiis, 
the water and foniiakh'h.vde art* (sindenhcd. wliiixt iineiiangisl 
nu'thvl al<*ohol vapour passt'x on. to be itnelf eondenMsi and iiw*d 
again 

A useful preliminary Mtiidy of the priK-ewi will Ih* found in a 
M*iu*H of pa[K‘rh In Orloft,^ a short u(‘(smnt of whi(‘h may he giv(‘n 
here* A nK*aHun*rl ipiantit;^ of air was {laisasi thnaigh iiiethvl 
alcohol of vurioiiM Htn'iigtha and at variouH teinp(*ratun*H, and the 
mixture of alcohol va(MaiT and air won Ic'd over the vanoiiH heated 
eatnlj^tie ugi'nta Thew* were (‘up|H*r tiimingK, Kns'lay, and coke 
impr(*gtiati*d with tinelv'dividcd eop}N*r, aHb(*HtuH impr(*gnated with 
rrMthly-reduccd coppv'r, eerie sulphate, thonuni oxid<*,'' iiiol<*cular " 
platiiiuiiK and metallic (ilatinum Of tlieiK', the euiipered (*oke at 
3H0-42tt', and the metaUic jilatmum at 33t>-4U0'’, gave the beat 
> J, AtHfr. VhtM. Sue, 1H8A, 7, *1 

,s * AbstrsiliHl lu J, i<oc VhtM Ind., lUUA, 27, I3U. 419, and 117lk 
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violiU of foniuliU'livdi With thr fomifi ;IM K {nt u>iil , anil uitli 
(ho hittor ll |NT (ont of Iho iuoIIinI iilooliol toiihl lii> roiuorli'ii 
into form ihloluih* Tho-ojodntinii ol inotliW idooliol is i‘\<ilh('rniu'. 
and uiidor Miitahlo I'oiiditioii'* uitl piiHtn'cl uithoiit thi* aid of 
(‘Ntoiiinl boat alH'ii unn* »tHilorl In othiT i‘XfN‘iinioii(ii. a ourmit 
of iiir at A \«‘liN'i(v of 2 o litns intmhoihI uas |la^M<‘d through nu‘th\l 
aIioIioI aiirinorl to r).*lo Tm The air and \a|N)ur issuing uon* hil 
o^or a hner of n'diiu‘<l ro|i|)oi giiuro III to 15 fin long, hi ii tiihf 
of hiinl gltth*> I'liiitiiimHl in a jiiokot of iron and flslN‘stiN<« whirli at 
thf iH'girining iii'atfd to ahout iUHl' No fiirtluT hi^atiiig was 
ifiliiinil uiifii thf n^itioii u.iH onir staitinl I'ndiT tlifw* (on 
ditioiiH. alNHit 411 |K‘i’ Kilt of ihf iiifthxl iihohol mas fonifitfd 
iu((» toriiialdfhidf Aftor fondfiisiiig (his. thf gases rfinaiiiuig 
font.unisl up to 2n |mt «fiit ol li\dtogiii, (ogi'dier uitli fArlMiii 
dioxide. Kirhoii ilioiioxidf. oxigeii. and iiitlogeii Autoiimtlf 
ignilfis aeif iIomsimI, to do aua) mill the neixl for heating the 1uIn‘ 
I'oiitainiiig the eataliser at (lie hegiiiiiing of the ptiarMi Tlieae 
igiiHiis I'oiisiHted of puiniff iiiipiegimtiil uitii a Kolulion of ehioro* 
phitinii and or niiiiiiiiniiiiii piilladiuni ehloride, and heatiil to 
nsliiess. uhendiN hiieli'divided plutinmn or |Hilliidiiini in left in 
(Ilf pnifs ol (hi‘ piiitiiee In lorituit mth this iimterial the Jiiiitiin* 
of iiiflliNl alcohol \a|)our and air, pri'iioiisi) heatiil to 1(N>', igniteK, 
and Itself heats up the (op|Hi gati/e (‘utaluer to iiieniideHeeiKi* 

\> apphul indiistrmliv one form of thia proK'ss is ua folhma 
(‘oiiipn's'tid air puHsi>4 nt (oristaiil piessiiie to a ' earhureltiiig 
ves^d III Hliifli it iH healed, and uliere it iiieeta a lini lain of iiieth,\l 
ah ohol, so that a uarin inixtiin* i»f air and aleohol xajMiur I'lnergiit 
TJim inixtim* is Ini into the oxidising \essel coiilamiiig the (atal^at 
t'oplMT gauKc H Uhiiall} einploxed, softietiiiH*s eoatiil uitli silver 
III Cahert'a patent^ the intahats iiiai he i*op|)er AikiI, <' 0 ]i|ieml 
RsiM'stos. or siKi'nil or platiniNil piiiiiire. arruiignl lielHeeii parti¬ 
tions of (i>]i|Ni gaura* The iiu th> I idmhfd in this proeiiia (Calvert a) 
H |iaaMiJ aitli hot air on to a hot rolar) fan, and tin* air Ihua 
“ <iirlmrett«il ” u» then led into the rmlioii-ehamher eoiitaimtig 
the lAtttlvstH OrlofTs oaidi)M.*r (unniaUi of a largi* iiumlier of glam 
tulN*a eoiitainiiig eop|M*r gau7.(*, each glawt tube bting plflU'ed m on 
external copper tube 

The mixed vaiKiura isauiug fnuii the oxnliNng veswd {Maa into a 
reetifying or Moaliing toaer, ahere the aater and furiiialdehxde are 
MctioraU'd from the unchangerl methyl alcohol, liydrc^n, and otlier 
gaaea. and eolkvted as a btiong noiiilion (38 to 3U jier C'Ciit) of 
lormaldehxde, cunatituting the (‘oniiumial " formalin *' Mean* 
» No. 614 of ItllS. 
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while, the letnaminK f'lwcH mid va|xian< pum to a roinleniirr, where 
niimt of the methyl nieohol in recovcreil Tlie Hiiiall (|iiaiitit,i nlill 
reinainiiii; is washisl nut of tlin kiuing gnws hy lUUMing them thniugh 
water, and the wiliitinn dintilhsl to obtain the methyl aleohol 
Fairly pure methyl ulwhol of iN) (ht ismt ntrength, and containing 
not more than I (mt cent of acetone, ia umsI for this pioeenfi 
According to llmteii and othera,* working with a vaenuin diatilla- 
tion ap)iariitua, even dilute aolutiona of methyl aleohol (III jut cent) 
will with u low vaenuin (HflU mm ) give olT vaimura to an air eurnuit 
aulHeiently rich in metliyl aleohol to lx* uwsl for jinxlueing formulde- 
hyile., 

Acetaldehyde. - This oxidatiun-pnxluet of uksihol ia em- 
ployisl industrially m the prejiorution of eeiiain niiilme dyestiilTa, 
and alao m making (uinddehyde, which haa some application m 
iiusliciiie The two chief anurissi of (sinimerclhl aldehyde aic the 
liy-pnxliicta of wiaal diatillation, and the by-]mHlncta of alcohol 
reetilieation An the boiling [xniit of aldehyde la only 21 the 
eum|xiund ia found in the liiat riinniiiga of the diatillatea Kiom 
theao it ia aeparatisi by fractional distillation and ns'lilication 
Tho uidehydo for tiH'hnieal purixaasi obtniinsi from uoial is usiiiilly 
of about tt'i to !KI [xt (suit purity 
Another mctluxl of obtaining aisdiililehyde utilistsi in nscnl years 
ia the catalytic oxulation of ethyl alcohol A ciiircnt ol air is 
bubbhsl thrinigh warm alisihol. and the iasiiing va|Hiiiia arc led 
over a heaUsl liiu-ly-diildisl inctnl acrviiig oa catalyst, m easeiitially 
tho aanio manner as ia deaerilasl m the. caae of nietliy 1 alcohol A 
pnxs'oa not involving alcohol may lie briefly mentioned, namely, 
the dceuin)Miaition of lactic acid into aldehyde and foriiiic acid 
brought alxmt by heating it with dilute Mil|iliuric lU'id The 
lactic acid aoliition employisl is ubtuiiusl by feriiiciiliiig a “ iiiaah ” 
of putatixia with tho lactic acid barillua 

It ia (|uiU‘ poaaible that theae varioua inethixla of obtaining 
aldehyde for industrial purposes will sooner nr later Ix' aujx'rsisksl 
by proceaaea baaed uixm the oxidation of aix-tylvue In one aiich 
proctsd this goa is hsl into a hut dilute sulphuric acid solution, 
containing nut more than alxiut six per tsmt of the acid, together 
with inereurio oxide. The ois-tylene is oxidised to aectaidehyde, 
which forthwitii distils from the hut liipiul, so that the process is 
a continuous one. The mercuric salt is gradually reduced to 
nwlaUio mercury, which eau be re-converted into the oxide electru- 
lytically, and used again A gixxi yield of pure aldehyde is 
Slid to be obtained.* 

* ZtiUeh. angew, Gium., 1911, 51i 2429. 


> F.P, 465370. 
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On a ».niall soale aMebydr U pn^fiam] clionin'iilly an foDnux 
Taii hundml ami t^'ii fsraiiis of jaitAHHiuni liirhronmto, hrokrii 
into pioiivt alMAit tiu* him* of a |M'a. aiv pUixil tn u lnr^‘ lotiiiil' 
bottoiiiod (laAk ftlnmi 3 litrch ru|Nit*it>, fogi'thcr m(li K40 |;niiiiH 
of UAt4‘r T2u‘ li<iMk is iittisl viili a tap funnel, ami ih eoiimvteil 
with a c<anit'n'i<*r ami mviMT, t!u‘ latter U'ln); uell nailisi unit 
ice KH^ping the HamIc mthsl. a niixtiiic of 2M) fcmiiia of ah'oliol 
(IK) ))cr t'enl) and 2H() grams of strong sulplmne aeid. also \iell 
isadisl, w aloaly addi*!! tlirongh the funnel, and the inixtiire nell 
hhakeii Miieh heat is exohfsl. uiid al<leh,>de distiM o\er. nith 
iiion* 01 loKM aatiT, aeetal. and alcohol Toaiinls ihi* end of the 
o{MTatioii the heat of a tvatei-lailh ina\ In* ajiplied to the IhiHk 
The dihtillate la H'ctiKod on the xtatei hath at ahmit otp , tin* vii]m>ui'n 
laiiig led thrtaigh a rc'tliix (oiideiiMT, whidi letains water and 
idiohol into r<H'eiver» eoiit«\ining anhidrons elhei The etliereal 
M»hitioii of aldeh^de iv now satuiuted with gasisnis aniinoiiia (dried 
hy parsing over InmO. alien tlu' a)deh\de aiiiinoiua seiMiialea out 
AS A white, (ivstalhne muss This ih se|>aratisi. di'uiiesl, WA^hisl 
with ethi'r, iiiid dried Ihin* aldeliMle iiia\ la* ohtniiHsl from it 
h\ dissolving it III All equal weight of water, and distilling the solu* 
tiori on A water hath with diliiti* siilphune aeid (1 o |nii(s ol isme 
aiilphiirie aeid to 2 |Nirts of water) The ilistillate la lolhs'ted in 
a MMtliMl iviHi\ef and deliydratKl with iideiuni (‘hloitdi* 

el(ildeh\de is a eoloiirh'ss. inohile liquid, sp gr 0 71ird at It) , 
and iNaling point 21 It fot the pie|M)rntion of piiiAldeh^de 
as alnsidy nieriliomsl Hi the .ntion of nliiiniiiiiini aleiiholale it 
lairiiixerted mtoethU aeetati' ’ 'I'huaethU aeetateeaii 1 h> piiMliieed 
from lu’etvlem* 

Production of vinegar from alcohol. - In Huh 
(H iutitry vi-ry littlf alcnhnl in UHrd for vinegar making On tlie 
Cinilinent, hunever, a large quantily ih einiilnynl for (lie |iiir|HiHe, 
mnn- than three niilhnnH of galluna lieiiig uxed yearly in (Imiiany 
alune Thii imalnet ih laiytcly cmjihiynl Inr urdinary doinenlie 
and ]ir(-HeTving requireinenta; the ijuanlity lined hiiluntrially ih 
mainly deruted to the making of white lead and ]iliarmaeeiiliral 
lead acetate IVi Home extent alao it is iiw-d an a aiairec Of pure 
acetic atdd, hut it heie competeH with the aeid derived from dintilla- 
Uon of whod, and Huceewi or failure deponda u|xin the |itive of the 
aleohol. 

The proecHH of mannfaetun> la that of '' oectification,'’ or oxida¬ 
tion of the alcohol by ineann of Aieteriam aceti ami allieil organinniH. 
The muet Huitable of thcee are uned an pure culturcn, Ihiro aquiiaM 
‘ 'fuioittwiioako, Chem. Zttitr., lOOA, 0, 1300, IS52. 

U 0 
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iilonhol Hlnno, hrm'rvt'r. (1 <k'm not Riiffirc an a medium in which acf*tic 
frrmcntiitNin cun take place, ainci* nitrogimouH HulMtRn<.cN and Halta 
an* n(‘cchKar> for liic growth of the orgaiUMiiiM Cane Migar or 
ghicrwc Kvrnp (<apilhiirc) ih iiHuatly added, in the ])ioportioii of 
I to 3 kiloi |)er MNI lilrt'h of pure alctdiol piiMmt in the gtKKU *' 
or iiiaah. to Mi|)pt,\ the eaihoii nHpiinineiits of the aivtie Imeteria , 
while till' niti’ogenoiih iihhIs an* met with the mpiiaite xaltH Moat 
of the iiuHlern n])irit \inegiir faetoru'H use inoiganie halta, ehie(t> 
aeid ])hoapiiate of aminonniin, Mahiini, and tmtahsinm. ami also 
aintnoniuin and itiagni'siiim snlphatea I'hm* MdU an* arranged 
HO an to lorieet Hn> defidemt of mineral matter iii tiu* water 
Miippl\ .Mioiit oi) to lot) gniiiis an* iimsI (wr lOt) htn-s of pure 
uli'ohol IksT and malt e\(ine(s an* also eniplo\ed hh nutiients 
msteiul of tile Nills anti HvnipH 

The ais'lilnation \ehM'ls aie gimeralK of cNiimliieid form, from 
1 to 2 metie«t in diiiiiirier. and 2 to 3 nietn's high They iiMialh 
ismtam heediwiHH) diaiiiue' testing on a |N>rloiatHl faKe hottoni. 
and eoieied with n hiniilar perforated dine In the Hides aie holes 
foi iii'cesH ot air, a siip))l\ of wliidi is nei'essiuy for the ovidation 

The aleohol is diliiteii to a s|ii>iigth of ti to 1(1 {mt mit , inixtsl 
with the ns|iiisite nnttieiit nmteriHls and deliwted on the top ot 
the Niiiuiiigs U\ means ot a mtatina spargei Wln^re tin* hitler 
IS not pioxidist, the li(|iiid issimpK iMMirnl upon theup|N‘r |K*iforali*ti 
plate, anil hsi into the inteiioi hy misuis of slioil ]>ieces of twine 
passing thioiigli tlie iiol«*s When slaituig with a newK-|Hi<keil 
xessd. the pme eiilluiv ol the iMdeiniin is nnsed with the lirst 
dinrge of aleohol Md)sei|iientl\ some of the Ae(‘tJtl(sl prodllet is 
used for mixing with the eharges 

The diliiti'il alioliol tiickles downunids Ihioiigh the sliaxiiigs, 
on which till' teinieiit seiuics a liHlginent, and is gnidually oxidisisl 
as it |Nissi>s down 'I'lie temperature ot the neetifxing nNim ih kept 
at 2t) 2^ , and that ol the \esscl, iii which heat ih deveioiied hy 
the action ot the letmeiit. is mainlaiiii'd at 2.1 .V)" hy controlling 
the admission of an and of the aleoholie charfp* Tlie rcAulting 
vinegar eollects 111 the liottom of the vessel and ^WHses out through 
a swan nn'k IiiIh' It should still eontain a few tenthH per cent of 
alisihol. suns' it tlw latter is eompletetv converted, the acetic 
Iwetcriu an- liahle further to attaik the aeid itnelf and dimiiuah the 
vield 

Dnliminlv, the pnaliiet ohtaimsl hv thiK prtKS'HK contaimi from 
4 to U |M'r cint of ais'tie acid, a much stronger ac^ is liable to 
weaken or deatro) the acetic bacUiia Double ’* or “ triple *' 
Ntieiigth piiHliietH can, however. Iw iHialuced by mixing the ordinary 
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viiu'Kar nitli fnvh ali'iiliiil ami tnvtinrnl m nlht'i viwt-Ia i-oiitainiii)! 
auitalik' itrxaiiiaiiui I')! t<i 13 |a>r mil nf acnl (an lima la* (ilitainni 

III till- liiiuul 

iSpint xincxar iia(iinill,> I'oiitaina iiion- iir li’sa (Aliiii'tita iimMi't. 
iiiiMiii; fniiii the aiigiir and nitni)!cniiii> Miltalanii-o UM>d aa niilii 
incnta The Mi'ld la aliiiiit Sll |H‘r ivnt iif llir lliinn'ticiil, miii'li 

IdsH (H'iiim thniiifEli CM'AiM* Ilf idoiiliolii iiiiil luid vaiHium, tlioiitfh 

in aiiiiii' Ilf till' fiH'Inrii'a ii|i|iiiriiliia la inaliillcil 111 ni'incr Ihi'w 
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AIjOOHOI. as a SOUIlfH OK LIOHT, IIHAT, AND MOTIVU 
I'OWKR. 

Alcohol as illuminant. - The nsi' of nli'ohol fur liKliliiiK 

(turixMO* ilalcH friiin the I'lirliiT |mii( cpf tlic iiinctiriitli (riitiir\ 
Tbi niin-luminoiiH Hnini' unx rciiili'ii'd liiiiiiniiiih )i,\ iiii iiilinivtiin' of 
terpenpH or nthrr hMlnH'»rlNiiui Tui'|H'iitini- nnx rliii-lly i'iii|ilo\ rcl 
for the {niriiiHP. lint cainphor, I'onl-tnr imjilitliii. ntid xhalc ml wi-rr 
Mho luml. Tlir ))riKlii<-t uns varioiiilv kiioun ns <'iiiii|>lii'ni‘ or 
rnni|ihim'. gnsoftciir. ' i'nin]>honiU'(l gns.' iiiiil " liiiriiiiig lliii<l " : 
nnd im'viously to thr intrmluctioii of |s'(nili'iiin tor liKhtiiig |iur|iosi's. 
nlsiiit tlir year IHfiO, laigi- iiiinntilics of nksiliol ui-n- l■ln|)loyl‘<l in 
making thrsp illnininating inixtnn's 
’nir names “ t'nni|ihi'ni*'' and “ i‘ani|)liim‘" non- also a|i|ilinl 
to ns'tinrd lur|a-ntim', M'liieh itself uas used for ininniig Tiiriientine 
oil alone, Ixmever, hums with a flame uhieli, lliougli luininons, is 
wry amoky When mixed with nisiul four jmrts of nleohol, tur|K-n- 
tine gives a Home whieh is still luminous, whilst the smokiness is 
mnoh diminished Ai’conliiig to It K Ifemek' siieli a mixtitn' »as 
introdueed hy Wehh into the rnitisl Stales in the year 1KII3. hut 
the weakness of the only alnihol obtninnkle hy him ennsed some 
dillieuUies with the produet Illuminaiits of like ehoraeter were 
also being pnidneeil in Gmit Britain and Kranrc at about the same 
time, or a little eiirln-r A patent gmiitnl to laidersdorf of Berlin 
in the year ISSti diweribes n mixtan‘ niiuie witli OS ]ier cent, alrohol, 
of which four volumes wm‘ used with one volume of rectified spirits 
of turpentine. 'Hie fluid was bnmed in a lamp jirovided with a 
wick, and the lamp was lighted by igniting O; little alcohol placed 
ill a cup snrroiinding the wiek tulie. 

Later on, the invention of the Auer incandescent mantle for gas 
flames alfnidnl another means of obtaining Iq^t from alcohol, thus 
1 *1 luiiustnol Alcohol," p. 207. 
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diii|x-nidn|! 'tHh thr nrrrMiity of onrii'liinii (lie Rpiril with liydro- 
oarlmiit A nuinl>rr of Iiiiii|in hHM< lH>rii dcriMiI for tlio ronxpiiipnl ' 
niipliration of thin ])rin<'i|ilc for iia' nitli onlitMr\ dciiiituri'd nicoliol 
Tlip Hpirit M raporiiB'd. nml (ho vo^Hiur mixed «i(li air ah in tho 
Hunnvn iiumer m if^nilpd under Mieh etutditioiiH that the lliuiir 
impinp-A u|Hin a BU|H-nin]Hiwxl mnntie. and raiMS ■( to ineandPMviK p. 
JaimpH of tliia phararter suitable for liouHehold iim'. stnx't liKhtinp 
and thr illiiniinntion id lante bnildin|!H have iHx-n nuinufaetun'd on 
the Continent for many yean QiieHiions of |iriix- 0]mrl., the 
odrantap-i elaiined for aleohol as apiiiisl petroleum Ikenwene) 
for liKlitiiiB niu that the .ilnihol lamp is piaetienlK laloiirhw and 
smokelesH. radiates less heat, and itiies a nhiter iind more uniform 
Iifiht In aildilioii, aleohol is sifei than keiospiie. inaanini'h aa in 
enae of tile the flame la more leailili exliiieiiishisl by naler, nhieh 
ia iiiiseihlo nith aleohol lait not iiilh kerisHi’np. 

Alcohol as fuel.- in aildilion to ita eiiiployiiienl in onlinarv 
spirit lamiis, nheie it is hurneil dun tlx h\ menus of an ignited 
niek, aleohol is used as a sooiee of heat in \arioiis ap|iIinnepH for 
aarmuig, iisiking and olhei o|H'ialions These appliaiues ineliide 
sloM's for lii'aliug small iiaiiiis, ovens hoileis, and hoi plalea for 
(saiking. hlonpi|H's for soldeiiiig and hrar.ing nork. hurnera for 
lahoialoiv use , and liealns toi Hat lions, eiirliiig-toiigs, and other 
iioineslie artieli's In general the piimiple adojitnl for these 
foieis of healing ap|iaratus is thiil of the Miinsen buiner; the 
almhol is \n|Hirisisl, and the \a|H)iir nn.\ed vith air is ignitnl 
The hluB)ii|K's are fnl mill aleohol. or nith a uiixliire of aholiol 
and a hyilnx'iiilain oil (“ inrliiin-ttisl " idisihni) under preaaure 
np|ilied h) lueatia of a small hand |Hinip Krenloni fnini anioke, 
siait, and aah is an adraiitage of these liisituig njijiliann'H roni|iarcd 
mth eoal Area 

" Solidified ” spirit. Tbia )n<aluet, nhieh IS ubisI for 
burning, is a niixtiiie of aoap and uietli.ilaled akohol, lontaining 
uaually alaiut .> to 7 jaT (.eiit of aoap The latUT ia pmduivd 
within the spirit by aiijamifying atearin mth waliiiiii eorboiiate or 
hydroxide, the mixture iieing heah-d. Un pooling, thr Hoa]i forma 
a bulky, soft aolid whieh orcludea the ajunt 
' One variety la made by melting 4 6 {auta of atearin, adduig 
06 part of aixlinm carlaamte and Ui! |iartn of methylated apirit, 
and heating the mixture for an hour in a cluaed v'eaapl. 

An Anieriran nripe ia aa folkma; Aksihol l,lltll) ro., sb-orir acid 
60 grama, aodiuni hydroxide 13,’i grama Uisaolvo tho atearic 
acid in one-half of tho drohol, and the aodium hydroxide in the 
other haU. Warm each solution to 6U°. Mix them, and pour into 
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Miitahlc rantiiiniTs which have |in'\iitiiHly Ih'mi warmed to 80°, 
* and allow to holidify 

A patented " Hohditled alenhol bnrninii without aoot " ia enm|XMed 
ol ethyl alcohol IHI |iarla, methyl alcohol 40 parta, and walium 
ateanto 2 -3 (larta ' 

tVilminiiR matter aiich aa methyl violet la aometimea added to 
theae preparationa 

Inatead of aoup, colkalion may Ik- im>il, the proecaa ia rather 
more laiatly, tint the pnalliet haa a ia-tter ap|wnr,inre In genend, 
IheM- npint-Honpa and eolhaliona an- iiM-d iiiainK as doim-alie 
luvnrh-a aiich aa toilet lampa or traxelliiip Rpirit-laiii|)a, they an- 
tov ex)M-nKive for employment aa indiiatrial cionlmatililc- aiiiiataneea 
The aiaip pn-parationa, howeter, )mt up in amall tma, have iM-en 
found very convenient for iiae aa little '' cixikera " hy tnKi|ia on 
active Hi-rvwa- ^ 

AccordinK to a note in the ('hemmil A'en-a.' the diacovery of 
"aolidilinl apirit" wiia ilue to an attempt to liiaKlwink the I’nris 
orfroi olKciala Nome yeara apo an iinacni)niloua individual, in 
onti-r to diaa-ive the ofliia-ia, faima-ived the idea of |Hmiidmp up 
white prated aoap m a mortar and iiiiaiiip it with an equal wi-ipht 
of nkaihol He thiia olitaimal a aort of liniiiopi-niaiiia [Miate. whu-h 
he inoiihhal into eakea. and jiaaMal Ihniiiph the nelrui willioiit 
diHieidty The alcohol was then n-i-o\en-d hy aimple diatillation 
on arrivnip at ita di-atmalion Tina deiuv pn-ai-ntly Imiiipht ila 
author into the police court hut the pnK-eaa waa taken up npaiii 
in an hom-at ninniier, and waa the onpiii of the pn»a-nt methmia of 
pie|iunnp "aolid" alcohol It la one of the ran- M-nieea which 
fraud haa lenden-d to tiade 

Alcohol as motive power.- Aa a aouna- of |HIW er, alcohol 
haa liei-n applini in a manner ainiibir to that in which ]K-tnil la 
iiant for the driviiip of motor enpmi-a The vapour of the alcohol 
mixed with a due pni|Mirtion of air la drawn into the cylinder of 
the enpiiie It la there^compreaatal and ignited , explomvr eoiiihua- 
tion followa , and the exiuinaion of the reanltmg panes |nii]x-la the 
piatun Abaenee of diaapm-able mlours, with lower volatility and 
therefore li-aa danger of lire and amaller loss by evaiximtion. an- 
important advantapi-a claimed for alcohol aa compared with petrol 
for inotora It haa a higlier tiaah-point (about 17° (' or 65° F) 
than petrol, and more of ita vapour is needi-d to form an exploaive 
mixture w-ith air, no that alcohol ia the leaa dangerous In hot 
i-ountries, where there is likely to be much waste by evaporation, 
the advantage of lower volatility ia n|ieeially noteworthy. 

> I's i>, isiiua. • tats, in, ui. 
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A ^ivatcr “<*(!iou*iu\\," <ir rHtui of «oik iloiir (n limt 
ih aImi daiini'd for niroliol Tnio. lalotiHi xahio h otilx AUiiit • 
rnr-nplillii* (tf that of Nrxrttlii'k*''" it*' cliu'iciiix |mt liniki* 

IioFM* |Mmrr ih from 2H to ;M iriit roni|Hiiti] with from 10 to 
22 }M*i for iM'trol Tlii*> hifflior HIk kih x Ini^t'lx (oiii])on''ul('A 
foi (he loxior niloritii* xixhio tiu* |»riKiii(-( of xaIih* luiil 

oihrutiry im A|i|>ro\itnAti*h tlu' miiik* foi thr txxo liit'K 

11i«> folloxxmg n'liiAikh bx I'lof L>xxi>s ait' iiihtiiidixt' in roniitt 
lion xiitli till tfuMtoii of uhitiK iil(t>liol Hs a inotoi tiicl' 

If alt-oliol Hiitl ]a‘trol lu* tonipaitil, it h mm'Ii that the I'lilotitit' 
x.iliir of tilt' foniKT ih not iiiiicli inoii* tliiiii oih' liiilf tliat of tin* 
latti'i. M> that fitiin Ihi'' |Kiiii( i*! x*irxx alioliot xtoultl apprar to la* 
out o| llic iiiuKtittn as a (oni|K'tiloi with pciml 

^ (nliMllli MlIlK** 

lllIiMICrt Hilt 'IIm'IIII 

. |H r Uil" I lllt^ |N r lit 

hti 1 !I ntiK4 li.iLM L’a.'lJI 

Ml llixliifHi >-)iiril ti.Jim ll.ltiti 

III |il,l(llil'. tlimi'lil till- lIllli'li'IlH' llllMii'.l |||M||I|K-.II'- \ Ir-I 

Iiiiiili' »ith Hii-M' lull' 111 <«" li P in(!iili"‘ ill 'Iiniiil fur tin'll Iiw, 
ttiiM’ till' loii'iiniiitiiiii ii' fiilliitt' 

I'l I ll |l lllllll 

IMi.il iliiiniiii.. 

Ml lll^ l<il> ll ^IHiil IT I • 

Till' I'fliiH'iii I Iililniinil «illi 111! IH'Inil bj" niluilnli'il tniiii IIiI'M' 
ii-.iilts III III' mill ll''■| III ' "‘111 • iiH'iiii'l 2H pi'i' ii'iil iiidi till' 
ali'iiliiil 

’nil'll' I" iiiiiim|ili'ti' l■lllllllll•'lll>ll 111 till |iilriil iiBiiiii III Miiiiiiliiii 

I'i'iH'tiiiii'i Xiiiinliii;! Ill Itii'i'I m .. I'l'i" ii' iii'“li *'■1 I"'’’ 

ii'ill Ilf till' ImlniKC'ii mill 42 I"! "'lit "I lln' 'iiilm'i |iri"B'iil III 

IH'liiil I'l na'ili'il fniiii llii'i i'iI'I'B' Tliriiii'llnillt. mii' inliiiin' nf 
IH'liiil ttt|)i'iii ii'i|iiiii'" 4.'i.'i iiiliiiiii's Ilf .III till iiiiiiliiii'lliiil, 111 
i'«|i'iilat«l fniiii till' i'i|iiiiliiiii - 

(',H„ I ItKI IH'O, 1 711,11 

(wlirn' thi' iH-ti'il W tirln'ii '"‘'''K ii|iii'i‘l''iit I" lii''iiii''. f',Hn) 
In praitin', himi'ti'r tin' tnliiiin' nf iiir inliiiilti'il l^ ui'tinnilK alxnit 
11 tmvpa thi' thi'ntrtii'al |iiii)Hirtinii. iiinl la tliiis .ilniiit <W mliiiiii'a 
of air til oin- nf imtnil laiaiiir Kniir-liftlia of tlin nil la iiinrl iiitniKi'ii, 
whii'h trniia tn hinilnr tfin rniiilnialiun 
With ah'ohol tlinni i» not tlii' aami' difniiilli in di ttiiig a|i|inixi- 
niati'lv oi>ni]ilrli' cnniliuafinn, Hini'i- niif vnlunii' nf alifilinl vnixiur 
I V. B Ubm. "Lniuid niiit (iaiiKiiui Fiid»" MS 



m > 


AI£OHOL 


raur 


rMiuirrH tlinirotically niil) 14 3 vulumra irf air—or niU|;Mr about 
nnr-thini of thr r|nantily nmlnl by prtrul Mntroror, doublr Uio 
amount of coinpnmioii imwiblr with potiol ran be employed 

KuniiniiiK up, w may aay that the ureater cOieieney of aleohol ia 
due to aeveral fnetore Tlie vnlumti of air required for roin|ilele 
eomhuBtion la only about nnc-thinl of that requireil by petrol, 
thiu n'dueiii)' the waate of heat in the exhauat Thia anialler 
dilution u ith air enann-a more perfeet adniixturo More the exploaion, 
and eonaeqiienUy favonra eomplete eomhuslion The niixtuie eaii 
1 h' aubjeeliHl to a preaaurc of 2(1(1 lb per Hi|uare ineli in the ejhnder 
without a|innluniaiua ifmition. uhen'iia the aafety limit nith ]ielnil 
ia 81) 111 Mixturea of alcohol vn]xiHr and air, eontaining any pm- 
ixirtiona la-tween 4 and 1!)6 jier rent of aleohol, an- all exploaire, 
whereas the explosive ranp- with ptrol and air la only from 2 to 
!i |X'r ei-nt. thus reqiilnnp more exaet adjustment of jx-tnil and air 
in the e,i Imiler 

The exhaust from the aleohol engine is amokeless and nearly 
(xlourlesa, and the jinxluota of eomlmation do not eloi; the evinider 
valves 

()n the other hand, ahould the eomhiiation be miperfis-t, acetic 
neid and other eorroaive pnxluela an- liable to he formed from the 
aleohol These, when they eondeiiae to the liquid form on rcailini;, 
are prone to attack the metal aiirfaees with whieli thex csinie in 
enntaet, raiiaiiig deterioration of thr engine .Mote important 
still, the loner volatility of aleohol has tin- disadvaiita)'e that it 
makes the en|;me more dillieiilt to start. es|X'eiBlly in isild weather 
Unless the vn|iour tisision of tlio fuel in the eylinder ia alxne a 
eerlaiii limit, it is not laiasible to obtain an explosive mixture With 
IK-tml. there la no diflieiilty in m<eiirin|; this I’sinK a light ix-tml, 
it has Ix-eii found that an exploaire mixture ran he obtained at 
0° and at a pressure of 40 lb per square ineh. whereas air satiimted 
with aleohol va|K>iir at all trmprraturcs bc-low 20° is ineombiistible 
oven at atmuapherie pressure' 

Nevertheless, the advantages of alcohol remain, and it is paasible 
to remove the diaadvantagea. One method is to use a more volatile 
fuel, t g , (x-trol or benzol, os starter; and when this ia done, it 
is found that rtmning a few revolutions nith the petrol or benzol 
More atopiiing thr engine will also overcome thr trouble of corrosion, 
as arid vapinira are thus swept out More they rondmae and attack 
the metal .Viiothrr method is to mfx a proportion of more volatile 
liquid with the aleohol itm-lf. Tims one proposed fuel ('‘ natalite ") 
is stated to contain about 40 per cent, of ether, together with a 
r Watson and othera, J. Vkem. /ad., 1916, 34 666. 
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trapc of ammonia to npntmliw any ((ndim*) (o apitliiy that njay 
devolup during the (.•omhuHtion In trials <if this niixnl fin'I the 
engine is diwriiM-il an starting niMly eitlicr - from i-ohlor when 
warm, and the fuel eonNiimption was alniost nlentuu] nith that of 
|)(*tml Tlip only alteration of tin* engiiie found necs'ssarv wan a 
blight rediiotion of the hUppK of air to the (AiluiFettor, and then* 
HUS no tendency to corrrision tUluT nii\tuieh. uith jKdrol, heurol, 
acetone, etc, an* desrrilM*il l.ili‘r on 

A giKxl deal of extM'riinentnlioii uilh nhsihol motors for agri 
eiiltural work, en*an)eries, piiiiipiiig plants and so on. and alM> 
for IrKsniiolivi* piiijKiM's has Ims'n (iiriied out laitli in thirt eoiintry 
and on the (Niiitinent. hut <‘S|MM'iall\ in tierjnaii,> In the I'nitnl 
Sialea an evteiishi imestigation has lin*ii made into the i)Ues1iou 
of the (‘oinparati>e value ot alnduil as a fuel, nuiiii roiia eK|N>riineiitrt 
on gasoline (|N'trol) eiigiiUH and aleoho] engines lia\iiig la-eii iiridiT* 
taken ' The geiieial enneliMoiis aiiived at in tin’s!' (iuiIm wen*. • 

(1) That an\ |a‘li»>l engine nl the onlmaiv t\pe ran he iiiii 
on aleoliol nitlioiil an\ iiiateiial altniilioii in tJie I'oii^trijetion of 
tli<‘ engme 

(2) The chief (lilliculties likel\ tfK In* met with aie in the 
starting and in suppKinga Millifienl (juantll^ of fuel 

(3) The iimMitmiM jKiuei is usually gieatei with alei4io]. 
Mid the engines an* tniae noiseless than with ]H>lrol 

<t) The fuel (oiMiiutitioil |M'r hinke horse |H)wei with a giaal 
siimII statioiiarv engine iiihn he expected to lie I 111 oi a hllle more 
with alcohol, and (t7 Ih with ]N'trol (0 12 gallon and ti III gallon 
n‘s|KH'ti\eIy) 

In th«(e t'nitcd Ntutea ex|M*ninents the engines were w’oiking 
iindi'r the la'st eoiulitions. and \eiv higJi idliiiencies were olitained, 
Imth with alenlinl enginea and |K'tiol engim’s, namely, 3ti |ier rent 
with the former fuel ond 2ii jh'I mit with the latter 

A atieeial (simmitti’o atitHiinti'fl to exaiiiiiie this ijneslion f<ir tlio 
Aiisinilian Commonwealth Aririsury ('ounril on iSriema* and 
Jnduatrx' retNirta as followM * 

When alcohol ia awed m an onlinar.v ]M'trol engine the (xmaump' 
tiun of fuel }ier b h p is alamt «70 }ier (*('111. great<‘r than in the 
eaae of petrol It a})|irarH, however, that the eonauniptitm of 
aleuho! fier bh.p in a H|Naiully dr'sigiied ahsibol engine will not 
exmxl m volume the efnisuniiitnm of petrol in a jietnd engine. 

‘*Tlie mam alteratioiiH iieixataary in the^.iMbinry deaign of ix’trot 
eiigiiicH m onier to tit them to work elTieieiitK on alcohol arc aa 

■ Biiffettn .Vo 392. V.9. (leul. Murvey, 1909. 

* Kopoit uf fiocvutivp Comnuttee, C. 7003, 1817. 
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fullow, viz.': (ii) \n ini'n'awcl ('nni)inwiion fnini nlwiit 71) lb. 
|irr M|uiin> inch, uhich Ih the nvcritf^' for |N'truI engines, to abiiiit 
IM) lb |N'r i«{uiirc inch, bnlli alxivc atmnxplicriv prawurc, (A) a 
prc-hcfttinf! of either the fuel or tlie air or of the mixture of fuel and 
air, and (e) an inereaKc in the area of the fuel jets and fuel aupply 
pi|H'H 

" Th<ni){h an alcohol eiiKine dchigiied in thi' alaire iiianner »dl 
run ellieiently, it cannot generally hi> atarted from eolil with akohol 
In onler to overeonie thia difficulty some HjK'eial lueaiia must la- 
providnl Kop e.<iample, either the I'lirburettor nuiat Iw ]nx-heated 
by a torch or in Home other n,iy. or an ariangenient miiHt Ix' pn>\ ideil 
M hereby a Hiiiall aiiioiint of petrol ean be iimhI at the ntart ^VIlell 
a lem|M-raliire siillieieiit to \a|HiiiM' (be fuel ih attained, the ahohol 
ean Ix' giadiially tinned into the (ailiiin'ttin and the pn-heating 
ol the fuel iiiaintained by the evliauHt giincH " 

Tile folloaiiig IS a more d'dailed Hiiiiiiiiary ol tlie e(ui(liisioiiH 
nrri\ixl at in the Aiiierieiin e\|XTiiiieii(s already lefeired to. 


.Vnapii.M'i Ol' l',S.\ (iKoiH)i,H'U. iSriivi'.t IIiii.iiin No :t(l2. 

'('(IMUI'.IICIll, III.IIICI'IONX niliu ('OMPMtIStIN lit t.'lsol.lM. 

.INI) .tIJ'IIIIOI, TtXI'rl (l\' INTiatMI. COMIII .XI'ION I.M.IM.S ' 

" Hg K .1/ Sliiimj WinhiHijIiin. Ilinveumiiit I'nulimi Dffirf ItMKI 

" I Inlioiliitlimi The Itiilletiii tiiniiHlieK a sninmari ol (he 
eoiiimen’ial n'xults ol 2.IMHI testa eoiidiielixl by the 1' S .V (ieologieal 
Siiney at St Ixaiis and Xoifolk in UNIT and ISItM The tests dealt 
|iriiiiarily iiilh gasoline and foiiiieil part, of the investigalioii into 
inineral fiiela To deleininie the relative mnioiiiy and etlieieney 
ot gaHvhne it uax eoin|uinxl with denatunxl aleoliol 
■■ 3 DijjmHft* III Ungmeii The only eliange mpiinxl for the 
UHC of alcohol III a gaMiliiU' engine, it any, ix in the siae of the fuel 
IHiHHage-wnya With thix change alone the ixaisiiniptioii of alcohol 
will Ix' from It to 2 (iiiieH as niueh ax the eonsuin|ilioii of gasoline 
lor the same |x>wer 

" (i) iS'/xviiif A’agiara f«i Alruhal Hy using alcohol in an alcohol 
engine with a liigli degnx' of iHiinpiesaion (alxiut I Ml lb {wr sipiare 
iiieh above atmosphene pressnn') the fuel eoiiauniption rate can 
Ix) reiliieed to praetieally the same as the rate of ronsiiniption of 
gaaoline fur a gasoluie engine nf the same size and apetxl 
“ Wlien ahsihol is nsefl in a gaaoline engine with the maxiniuiii 
degree of ixiinpresaioii for gasoluie, the iivailalilr h p of the engine 
Is ineieased about lU [x-r yent. An alcohol eiiginu with thn 
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niHxiiiinin ik'|;ni' iif i'oni|>n'v.iiiii for .ikoliol «ill an iitniliihk- 
h )i 39 |X‘r rent (.TcaliT than ii )(a.'<olmc i'nf!im' of tlic >.111111' <'\liiiili‘r • 
ain>. Htmkp. am) a|irnl 

'■ (ii) .UlemtioH oj fiViao/iiy Knqmti .Somi' aiiMilinc iii((iin‘« 
nmv Im> ao I'hangi'il that a hutlk u>ntl,\ lii^h coiiiincaaioii la Ma'iircil 
to inakp it jKiaailik to nalwc the ('onauiii|itioii of iik'oliol 111 |(nlloiia 
per h p per Iiour to an tapialit,! with that for |IiimiIiih> la>fon> Ihi' 
oiipno waa chanKnl Thi> (k>(;n>i' of i'oiiipn'<o.ioii niaj lii> mohl 

caailv chaiiijcil hv li>ii|'thrtiin|' tin.. lod 'lliia iiiai 

ofti-n 1h> (lone In putlm(i linea lietw(a>u the rronk pin end of the 
eoniiertinK nal and the erank liiONie'. Hut if the inliiidei la 
eoiinterlairial 01 if there i>. not aiilliiieiit loom ill the head of the 
(lliiider a new (niiiidei .Jioiihl la* e.ist with aiiiiill dearaine a|in(e 
*■3 Vntt Ihviif iff f'tiniiutAMtiii \ (laaoline eii(rine 

hiiMlif! .1 eoiii]ii'eaMoii pieaaiiie of 711 Hi. hilt otherwiai* aa well 
aiiiled to the eeonoiiiieal ii'a> ol deiiiilinni iiholiol iia (laaoline. will, 
when iiainji aleoliol, liiiie an ainiliilile h p alaint ltt|a'r(eiit prealer 
than when U'iii(: jj.iaoline 

When the limla tor wliuh Ihei ale deai(£iied (m' iwal to ail 
I'lpi.il nd\.iiil.i)!e the iiia.\iiimin inailalile h |i of an aholiol eiiKine 
IniMiii; a (aniijiieaaioii pieaaiiie of ISO 111 la alaiiil ,10 imt leiit 
(>ie.ltei lliuiith,il ol ,1 i£.iaoliiieeii|Oiieli.nin(!ii (oiiipn-aaioii pieaanie 
o." 70 III hut ol the aiiiiie ai/e in iea|a'i t to eilindei diameter slioke, 
anil a|KHal 

• When denatiiied aleohol n iiaed in 10 to l.l h p toiir-eiile 
atalioiiiiiv eiiKiiiea 111111111: .1 loiiipreasion |ireaaine of n)iproxiiiuitel\ 
ISO III . and the eii|-iiiea ,iie o|K iiiled .it their iiiaMiiiniii loiida the 
piraaurea diiriiiK exploaioii 01 eoiiibiislion n>aih tWKI to 7 I»I Hi 
.Statioiairv (.'.laoliiie encinia in wliieli the ,Minpn>aaiou pieaaiiie in 

.. eaaea ean la> raiatal to IhO Hi. me not iiaiialK liiiill lieavj enoiiKli 

to uilhatand aiieh eaploaion pieaaiin'a lor iinv lenctli of lime 

•• f (,‘»aaaMp/..iii "f r,il A ... liaMiie the demir 

of (Oinpri-asmii oidin.iiilj i|.aal for gaHoline inntiirca will in general 
naiuire .70 |M>r(ent iiioie denaliin>d aleohol than gaaoliiie |h>i hh.p 
■■ (iaaoliiie and aleohol eiiginea of ainnlar lamalnietion having 
degieea of eoliiprwaioli la-at aiiilwl to tin fuel aiippliwlwill ill general 
rrtiuiiv eijual voluiliea of g,iaoline and ileiialuml aleohol rea|awtively 

F'' P ... I 

• When an\ of the iiaiml inethiala of govemuig are niavl to eoiitml 
the s)ie«l of guaoline or aleohol engini'a, thurate ol fuel eonauinption 
per b h p. tier hour will orditianly he alxiul twiie ua gn at at one- 
thin) load aa at maxinnini load At the name time, an exeemavc 
rate of coiiauinption of gaeohmi or dimatured alcohol at any given 
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Inad, if <1u(> to tlio bicniTcrl adjustmrnl uf the mixture quality 
ami lime of ipulion mily, may ia- an great aa, but not greater than 
approximateiy twiee the minimum naiiiinxi before it wili he notiee- 
abie from niitwani inilieHtiima 

“5 Thermal Hffirmeg of ffayinea — The thermal effieieney of 
alejihul and gHHoline enginea will in general inereaac witli the pressure 
to whieh tlie ehnrge ia eomfiremed when ignited 
“The maximum thermal eHieieney uf It) to 15 h p four-eyeln 
Htationary enginea of tlie usual ty|H.> when operated with a minimum 
oniount uf throttling was found to inen-aae with tlie eoinpresainn 

pn-asuie aeeording to the fnrmuhe K -- I - f»f gasoline 

14 7- i» 

and B * ~' ( /> j aleohol, where H the thermal eilieiemy 

iiaaed on the iiidieated h p and low heating value of the fuel and 
I’ - the indieatial prenaure of Ihi- ehnrge at the end of the eoin- 
preaaion atroki* in Ih per a(|uare ineh nlimihile 
“ A high thermal eflieieney and a rate of eonsiimptioii of less 
than a pint per h li p |ier hinir, both for gasoline and for denatured 
aleohol. ean often la' obtained when the degroe of eompresaion, the 
load, the quality of the explosi\e luixtiin', anil tlie time of ignition 
am enrefidly adjiiateil A inir reproaenlatioii of thi' la'sl ei'onomy 
raluea obtaineil, taken from the results of tests on It) to l.'i h p 
Nash and Otto stationary engines, and the eoriespoiuling tlieimal 
eflieieneies, an' given in the lollowiiig table 

*' Kkhiii.ti frov tksth hmo. us 10 TO 1.1 a V Nesii van Otto stitiosarv 

IlNOINFS 


Pial 


ttniHilme 
Alcohol . 


I Per Bqunrc inch ntxivo almosiiheni 
I lUind on Ills I h.p. nail Its' lower heating vahio of the fuel. 

It must be borne in mind that by far the larger pnqmrtion of 
the work that has been done (ui internal eoinbustum enginea has 
been earrietl out with the objeet of iietftX'Ung them for use with 
petrol. It may well bo that when a similar amount of research 


Fuel luiwiimi'il |a*i h h p 
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has been directed to the iitie of alcohol, thii lii|nid a ill lie found 
even more auitable than petrol aa a motor fuel 
Posaibly the (pieHtion alieiul,\ e. Ii‘m< one of siiitaliilit> than of 
price To be the nion’ i‘conoiiiicol tiicl, alcohol imial la' at a loner 
priif Jier unit of volume than |H‘tnil th'ii/nl, nlwi. which at the 
time of writini; is hcin(! pniiluced in Inrjfc ipiantili lor war rei|iiin'- 
menta, may prove to la' a aerioua comia'titoi alien no lonp'r maalwl 
for munitiona of war 

Whilst it ia true that moat of the aorh on inteinal lombiiation 
engincH hn'i laa'n done with n'femuv to la-tnil. \el, aa already 
atatial, n piod deal of ex|a‘ninciilation with aleoliol-molora for 
agricultural work, and alao for ha'omolivc jiiiriawa. haa hcen 
earned out on the Continent lliia haa laa'ii the (aae iiioie eaiaTinlly 
in (JiTiiianj. when' the nidu'.lrv liua lai'ii caii'tiilli foalen'd 'llie 
prnctienhility of alcohol motora haa la'cn pioicfl and a giaal 
number of aiich engiiu's of French and (lerinan make an* m iiw' 
for driimg light maehmen. punipmi' Ihii'shinir and aiimlar work 
Alcohol-driven cnginca made in Kiigland have h«'U ei.iplojwl for 
aeveral veara m Fgypt and ]iaita ot Soiilli Aioeiica How far the 
uai' of aiich engin(“. will la' cvlcndial de|H'iid>. upon the lelnlive 
working roat'.. upon ipic'.tioiia of supple ami distnhiition. and on 
the faeihtiea ohtaiiiuhlc in iiaiticiiliii i iiiiiiiislam-i's Foi exaiiijile. 
in a country which must import its petiol hut can pnaince ila 
own nleohol’ C'onsirlcmtioiis of e\|adicmv might lead to piefi'n'iilial 
fiiaal tri'atnient of alcohol usnl foi motors, m oidei to dimiiiish 
the country a de|a'iidcme uiioii foreign supplies of motor tiiel, 
and also incidentally to foater its agin iilliiial iiidnslry Ihnaigh 
the iiicrcaai'd demand for gram, polalia s or laa-t tcipimal to pnaliice 
the alcohol 

In fact, though the <hiy la not yet at band, llinmgh tin' dim liut 
perhaps not very dwtaiil futun- then' looma the prolialiihty that 
when the atorea of ivial ami [Wtroli urn at iiri"a'nt " in aiglil l“‘gin 
to get depleted -oa some arc even now -the world'a mduatrial 
nei'da will have mon' and more' to he met by utiliaing tin' aim's 
present enenty through the matrumentahty of ahuliol ciiifiloyed 
as a source of heat and motive power, aa well as liia past energy 
stored in the form (it coal and petroleum. 

In this connection it may be noteil that some years ago a Vnited 
staws official estimate indicated that the older oil-iiehia would 
probably bmome exiiauated in about thirty-Bve years if the rate of 
inereased production observi'd at that lime weni maintoineil. tH 
couna' any estimate of future supplies may he affected by the 
discovery of new oil-adds, or of new- methods for utilising shale offs 
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Mirli iiH tlu)hf> of till’ Kiiiiiiirriiljtr df‘|M»«ith iii this I’ouiiir'v. uhii’h 
an* at pn’M’nt iitiiiiHrki'tabh* on Hi’coiint of thiir Huljihiir I’ontiiit, 
but till’ (‘vontuul i*'(hauMtuin in onl\ a nmttiT of tiiiu* Mi’nnuhilc, 
iiuluHlrial (li’inandN for liquid fuol iMiumi’ f^roatiT and 
AiNiiit 121) million f^alhms of potrol ucn’ jii)|)ortt><l into llio Viiiti’il 
Kingilotn in tho ypiir 1914-15 the qiiantits liHvinp nioix’ limn 
doiibU’d in four yi’am 

Alcohol and agricoltore. HfiKf the question of the 

UNe of ahsihol ah fuel la iKToiniiif; a ver\ inqioitAnt one and nill 
Ih> inoH’ ho 111 (he future Knnii the u^eiiltiiriii point of \ie\«. it 
hiiH Ims’Ii ur){isl that the nleohol eqiinnlent to tfiis ix’trol ah fuel 
eoiihl Ih’ obtained from imtatiM’H orHii|;ai-l)eet gnmii in this eouiitrv 
Hith niiK’li lieneKi to ugru’iilture and to (he eonn(i\ at latgi’ Jt 
bus Ihs’II esiiiimted that aieohol K|niMileiit to the 12tt niillioii gallons 
of |M’tnil above-nientlolled noiild Ik* priKlueisl troiii about 5 inillton 
tons of iMilatoeH, or from 4 million tons if (he aieohol \ieie " laibu- 
letled " uith 29 |M‘r eeiit of iK’iirol The a>eriige crop of (KitatiM's 
iH at present about 5.1 toiiH |iei aere. but niidm the heat eonditiotiH 
(his ,>iel(l (siiild lie more than doubled, ailli a deeiisising lost of 
priNliietinii An lueragi* ot 12 (oiin per aere on fMiO (HH) aeies aoiihl 
provub* the erop ii(H‘eHsar\ for fiuxl on the jiivH’Ut basis and the 
]M>trol Hiilistitute ns \iell It is urgisl h\ Home agrieiilturists lliat 
a HVHtein eould iMM’Htablishisl hen* similar to that I’Mstingin (lerttmnv. 
ulierehv a eentral clistilleiy mtm’h n imiiilMT of (aims m a leitain 
ansi working on a eoo|)eia(i\e basis eaeh fairti deioling a 
giiarnntisMl mirimnim aereage to |N»tatn'eiiltivation for siippKmg 
the rliHtilleri In short, the orgaiiiHatioii wonhl he iiiiich on the 
same linen as with is> o|iera(iie ereanierK’s In .sneh i in iliiistanees, 
tile eost of eiirriage n( the |M»ta((M’H would 1 h' saied . tlie n'sidnal 
priNlnets would he n’tnrnisl to the farm as feisling-stiiffs and 
tertiliseiH the jniKliielimi of aieohol wmiid provide a simple inHlnsl 
of iiKiiig an exis’Hsive enip of fiHxl ]Kitut(H*s and tiu' farmer woultl 
Im’ proMihsl with a cheap fuel for hiH agneultural inaehinerv And 
more than all, the eouiilrv would not la^ <le|M‘ndeiit utxm foreign 
Hiipplies for itH liquid furl 

Obviuiialy tnieli a ayateni ah that mitlined would mean a eoii> 
aidernble inodifieRtion of preaeiit revenue iiietIuMlH of diRtillet}* 
aiipervUion. 

Wlivther we alionld have the requiaiU* amount of suitable land 
available fur Hiieb a pnri^ne, after providing for the great inerraae 
in foml production now* csnitemplated, ia another question The 
problem of eoat in (‘ompetition with imported inatenals such as 
mat«* and luolawa’s Is a further matter for consideration. Yet 
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iinotliiT ih uhrOitT. iiiili'ss II imrUHlui* iin|N»H «lut\ is lolaiiu'd, 
honii‘-|)i(Nlu(‘i‘il hIi'mIioI ntiili} tn t^rico with 

|H)oMliti‘ fun'ifni Mi|i|ili(s« J'mlh'tinns liA\t* Us>ii iiiaHi' that tin* 
lt«)|)K»l wlu‘n thru (Mitnilml rrhourtm iin^ ilrv('1o|N'(l. 

will MSiii4‘ (I [iriM'liriil naiiKtiKih of thr Mlnihul lll<iu^lr\^ mikv th«’\ 
}Nis«Ns thni' of thr rh<‘a|K*ht simnra of aK*ohol, naiiiclv. aiiKAr 
(aiic iiioliisarH, {miIiii Mp, and sUin'h plajitM siirh ns vnswtva Qiicl 
nrnmroot 

** Garburettod " alcohol. For fm*! and motor purfMlM'^ 
it H oftrn fmiiid a(l\antAp:4*o(JH to mix n huInHnilMm ]ii|iiid with 
tli(‘ onliniii,\ diiiatunil nlrohol I'rirol liriiKt'lir (hrii/ol), niid 
|N>tMih>uiii ha\r iiMi<ill\ Inm (‘in|)lo><(l. thr liiixtiiir hriliK tiTiiunl 
i'nrliun>tt<sl aholiol Thr proportioiiH >ai\ In mhiii* of tlir 
(tiTiiiun r\|Kritiiriit’* uI>o\r n*hiiiil to it waj. found that. (‘om]miin|i 
ihr rlliiiriu'N of ah'ohol aloiir with that of nl(M»}iol inrliundtrd 
with dilh’iriit p!o|ioition»t of Imi/ol. thr hint n*Hiilts in motor 
[Kiwri wi'ir Lon'ii h\ thr iliixtiirr loiitniiiinK 211 |H‘| (cnt *►} wriKhi 
ot hf'ii/ol Tiial^ of iiiolo!'' Ill Ftiiih with hi’rnch hirlliyluU'd 
spiiit (which (oiitaiii'' In |Hr (cnt of cniilc nu-thU alcohol) and 
till* Mime spml (.irhnicttcd willi -Vl ik*i icnl o1 a livdrocBrhon tiiul, 
showtd the i.ulMiMtH) spirit to Im> Mi)N‘nor to the other in the 
ratio ot aiioiit 1*1 to 7, uh judf{4il Im the conMiiiijitioii 

\ iiuiiiliei ot (oiiipuiatne cx|N'nmeritK on the iihc ot enrhurettiil 
ah 'liol ha\c nl'.^i Ixni made in this coiintr\ Hie following nin\ 
Ih' i|U(ited * 

A loiii-f vlindci MamMin enpiiii' niiiiiiiiK at l.tKlO n*volutionH 
|H*i niiriutc was te!tti>d with diHeMnl fuels, with the icHuIts given 
helow Fclrol of xp gr tlTItl was iiikcii «h tlie xtQfidanl, tin* 
n-!.iilts with the other fmis hcing imiiiinKsI with tboHi- giV4*Ti Ij> 
the ]H‘tioi ns honed ax ItMi 


Kuiliistii I'tmer Volume of 

olilaiiiisi fuel iiMsI 


I IVinil 
3 lltmnd 

3 Mel hylaOst Mini it 5(1 lier wit, IieionI .W |iei cul 
•4 .. «7 85 .. 

5 .. .. .. » •• 


mo mo 

wi MU 

»H INI 3 

u 3 loa 9 

1118 134:1 


Oomparuig cxia^rmientn 3.4, and .1 with om* another, it w nern that 
the mixtorr of equal imrti. methjiated epirit and lienaol give, the 
best result, so far as this investigation goes. The sp gr of the 

1 w. B. Ormsraty, J. «» iijkonj. 1*13. IM. »80. 
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mcthylatrd iqiirit unrd was OfU.’i, and of tlir lM-nn>l (two quahtini) 
OfUUi and 0875 

DuriiiK Dll' laat few yran* a nuiiilM-r of uk'oholic mixturra liarr 
lirrn n'roniini'ndrd on the Contini'iit as hiiitaMc for iisr instead 
of jM'tnd In addition to benzol and jirtnil, sonie other substanees 
have Iss'ii suftKi'eteil for mixinfi with the aleotiol, namely, an'tone, 
naphthalene, etlier, aertylene, and even a small quantity of 
aniinoniiim perehlorate >Sotne typical mixtunw an' the follouiii); — 

(1) Alcohol (lln |irr cent) 70, lienzol 30 

(2) „ (110 „ ) no . „ .30, ni-etone 20. 

(3) „ (!K) „ ) .30. Iielizine 30, „ 20 

(4) „ (0.3 „ ) 80, benzol 30 , the Iwiizol eonlainini' 

naphtliiilene in the proportion of 200 KraniH |s'r htn- 

With niust or all of these mixtiin's a preliminary healiii); of the 
carburettor is n'quired, and a rediielion of the siippli of nir. ns 
eomismsl with that nwssary for |s'tnil * 

DiseussinK this qiiesluiii of aleohol-snlntilutes for |M'tinl. 0 Mohr’ 
remarks that only the simpler niixtun'S hare pnivisl siiei'csHful 
Kqual imrts of alcohol and benzol, or iilmliol ,3^1 lienzol 2.3, and 
]H‘trol 25, have given gissl results , and the seeoiid iiiixlun' has the 
advantage of not giving deixMts in very cold « eatiier Xuplithalene 
has (iravisl unsuitable o«-ing to the formation ot ile|sisits 

An aeeoiint of sonic eoiii|Nimlive exis-iiiiieiit" nitli diflen'iit 
motor fuels recently earriisl out ulmsid is giieii liy Dniiiitli and 
Uroger’ Tlie follouiiig results am stated to liaie Iss'ii olilaimsi 


|M>r lUn‘ of fuel • - 

ix't litn* 

ITiu'l lUM'tl 


IVtro], uimiiMHi 

TiH 

lit'tixol, „ 

7 i 

„ 1 |Ulll, hU’OIioI 1 |Mlll 

Ts-i 

St .. .. i imitH 

7 2 

. a 

7 0 

.4 
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. 5 .. 

Ak*olwl. uniiu\Ml 
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A mixture known as “ G H A " in France includes ether, like 
the “ natalitc" already mentioned. The projiortiun of ether, 
however, is only about 10 per cent., instead of 40; and lienzol 
or an alternative to the extibit of 25 ]irr rent is included 
The following thermal and other iwrtieulani of the methylated 


I K. Itielncti, ZeUscA. anffw. CAem , 1014, 37, 543. 

• Uiit, ass. 

* *' Vh TrribmiUet der Knrft/aKniwfe " (Uerlin, 1917). 
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Mpint list'll in thin (tnitilry for ImniiiiR an* civf*ii liy J S. S 


V M T . II 
OOUMO. 

<1IKKIIL* 

u.n.m 

10,330. 


8|msiHo itmvily 

IViroiiUip'r<»niiHNiiioii (* TiO 7 , II l.tO, 0 30.1 

of i>v|mnM(>ii ism O 

M „ F 

('iilonfic lint. TiM'rinMl riiil'- 
Pi‘r III, gnim vnlnit 
•* Hi'l *1 
\ii OMiuiosI furcuiiihiiHlioii, tlu'oivtioAl t|iiAii(ily - 

\\‘r itiiilon [m <‘u 11 Ht C*)" V. 

('Hlonlic vuliM* u( 1 cti fi of l]ii> llv'un'th'al 
inivliin' 07 5 

KvpltHui' i4ii|:o (|N«r ntMii of vii]Kuir In 
\ol 111 t)u> rniMiirt'l I (Mo 13 0 

<‘oin|)n'><<Moii liiiiil, III 111 Almiit 200 

Calorific valiu. It m a «i‘ll-pstalilulii'<l lart (hat wi.rn 
(lie satiip WFicht i>f (hr aaiiia hulmtant^p huniH to fonn thi' xanip 
pnalurta of l■onl)lllhtion. thv quantity of heat i-viihnil ia a I'onataiit, 
the value of uliieh in iiKlrpelideiit of (lie rate of miiihuHtion Thia 
quantity is knonii nn the heat of rhenicol enmliination of the 
Miliataiiee nith ovy|{en In n'lation to Mibataneea naiil aa fueia, 
It IN alan knouii iia the “ ealoiitie value ' 'lima I gram of earbon 
hiirning to earlaiii dioxide evolvea HtMtl gTaiu-ealonea of hint, 
and I grain of hyilnigen huniing to liquid naler evolvea .'I4,4(i2 grnni- 
eiiloiiea (Kavre anil iSillHTiiiann) The enlonlie lahie of earbon la 
till refiiri' aaiil to he H thill, and of In ilrogeii ;I4.-Itl2 The g/rtan- 
ealiuie la delinial aa the quantity' ol heat iia|um'il to raiai' the 
teni|K'ratiire of I gram of vater by one ilegna' t'entigrade 
When nleohol in eoinpletelv buniial in iiir or oxygen, the jinalueta 
ot eonibnatioD an* uater and iiirbon ilioxiile Tlie heat uvoKnl, 
If, (he ealorifir value can be ealeulatial tlieoretienlly from the 
data juNt given, aa alioun below 
The preentage euin|x»ition in ethyl oleohol ia. Carbon 62'i:i, 
hydrogen 13 12 and oxygen 34 7R llinir 1 giani of ethyl uleohol 
eontainh -- - 


tWbiin 

IfydrofEeii 

Ux^ii 


U*'>213 Kfum. 
01312 
0147S M 


Deilueting fioni the aniinint of hydrogen the quantity neeinNoiy 


to form water with the oxygen, i.e.. 


0-3475 


’ - 0 0434 gram, we have 


01312-00434 = 00878. 

Multiplying by the eornaponding ealoriSc valiuB for the earbon 
and hydrogen and milling the iinxlueta, we have- 


■ “Fwl,’’ p. IM (IU4 nlition). 




AlOOROL 


CRU- - 


Carbon .OS2]3y 8.080 - 4,S1! 1 ralonni. 

Hydrunon. 0-0878 x 34.402 - 3,020 7 „ 

o vnltio of ethyl atoobol -7,237-8 „ 

The ralenlatinn hero shown at lenfjth may be Bammarised into 
the formula 

Calorifiu value = 80 K C + 344 6 (H - - ^), 

where C, H, and 0 denote the perrenlagfa of carhuit, hydrogen, and 
oxygon reepeelively. 

A eotnewliat higiirr result ie given if the raliieo for earixni and 
hydrogen used in licrthelot's furiiiiila are taken- namely, 8,137 
and 34,000, instead of Ihoeo employed in the'ealenlatinn shouii 
On the other hand, m summary eideiiltitions tin- round nnmlHas 
8,000 and 34,000 are often used. 

In proeliett, of eourse, absolute alcohol is not employed as fuel, 
hut the cah-ulalion slums th" priiieiple most simply, and the ri-snit 
is required in obtaining the tbisiretieal ealontii- miIui- of deiiatuiisl 
aleohol, and of otlu-r aleoliol mixtures, nhu-li are u-esi as 
fuels. 

In a similar manner, the theoretieal ealorilie talue of aliMiliite 
methyl alcohol, the )K:rretitnge rum[Kisition of nliiih is (‘ 37 47, 
1112 08, and 0 4111),), is loun-l to Is- 5,213 3 Aeetoiu-, (', 11,0, has 
the ealeulntisl value 7.480 ."i, ,ind hi-nrene. t',11,, the talue lO.t 11 4 
I'etrol IS a vanahle mixturt- ot hydroearl ons, hut if taki-ii as being 
sulistantially iHpiit ahmt to oetani-. I',ll„, its thnin-tieal laloritii 
value is 12,245 ealones js-r ytain 

“ Gross ” and " nst " values . —The values heie gm-ii 
an- tlie “ higher " nr " gross " ealorifie values, eurn-s|Hiiiiluig «ith 
the foruiation of liquiil water, as obtained in the ealorniieli-r If 
the water is mporuri, this opt-ratioii absorbs some of the hi-at 
deteluptxl by the niinhustion The quantity of water produei-d 
is govemi-d by the amount of hydrogen burned Tlius in the easts 
of ethyl aleohol the weight of hydrogen in 1 gram is 0 1312 gram, 
and tills is equivalent to 1 1808 grams of water, Suice the latt-nt 
heat of vaporisation of wruter is 537 calorics ]xu- gram, tlio heat 
absorbed in vaporising this water isI1808 x^7 = 6341 ealones. 
This quantity, therefore, is to bo deducted from the result obtained 
above for ethyl alcohol, whenever the lower " or “ net" value 
is required: 7,237 8 — 534 1 -= 5,603 7, the lower theoretical calori&c 
value of absolute ethyl alcohol, 

Further, if tlie alcohol in queation is not absolute, but already 
contains water (as is always the case in practice), the vaporisstian 
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of this ».il<r Hill nlsn slwnrli hriit, nml Uio iurmiiioniliii)! nunilwr 
of rainrics must br dnliictcil. 1'hiis i[ tlir )ini|Hirtioii of nalcr Ih* * 
111 (lor cpnt by Hvight, I gram of tho alcohol will contain (11 gram 
of water, anil the further deduction will thcrcfiire Iw 0 I X u.77 » 
IB 7 calorics 

Hence, finally, fur 90 fier cent alcohol (by weight), when all 
the water already present and that ]imdiinal in the coniliustion 
is vB|K)riscd, the ealonfie value is 11,6113 7 — 83 7 — 0 .ifill I) grain- 
calories 

Thermal unite. - To express the lon'going ri'siilts in teriiis 
d British theriiial units (B Th I’) they arc multiplied by 1 6 
riiiM for ethil alcohol.-7,237 8 gniiii-enlories X’I 8 u 13,028 
BTlif 

Tliefaetorl 8is - thi’rstioof theCentigrnile to the Kahrenlieit 
Icgree of temperature The British heal unit is deliiied as the 
liiaiitit} of heat required to raise the teni]iernture of I lb of water 
IV T' I’’ (fniiii 00" K to 01' ¥) In aliMihite values one British 
lent unit .2.82 graiii-ealanes, but for eunveiMon pur|HiK‘s ne 
le 'll consider only the rclative tem|ierature raluio, since the jkiiiiiiI, 

T the gram, is taken os the unit of weight foi both fuel hiinusl 
ml water lieatisl. and the question is oiilj one of a smaller unit 
f tein|wmluiv III the British system—1" I’ - il' K = 1 8" K. 
riie nielrie unit of Imat ailopti'd for teehnirul piirpuses is tliu 
liiige t'alorie " or “ K (' 1' " This is the quantity of heal nspimsl 
1 luise I kilogram of water tbrougli 1" ill the neiglibonriKsal of 
I One B Til I' 0 282 large Calorio, and for the reason given 
1 tlie pnsediiig jairagraijh. x large Caloiies -- 1 8 s' Bill T 

Calori&c value of methylated spirit.- -The alcohol 
s'd for buniing pnr|insrs in the Imited Kiiigdoiii is mineralised 
ethilated spirit, which, at a strength of 62" over pnaif,< 
ay br taken as eontaiiiing on an average - 

IVr cent. 

Iiy t’uliiiiir. 

Klliyl aloobol.831 

Motnyi t, .7 7 

Acetone, eelen, etc..1'2 

Bliiionl neplittw .O'! 

itliout sensible error the last two itemwmay Is- grouped together 
acetone, 16 per cent., for calculating the ralorifir value 
pressed os percentages by adghl, the composition of ininenilHisI 
thylated spirit is then 

Soiiicwhat BtrOflgpr ipmt is obtsinablo, up to 04" or 65" over proof 
. «. 0 8214 to O-OIOO). 


n n a 
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CBAl' 



ISt h III. 



Iiy 

In 1 gniiii 

Klliyl ukstlKtl 

70 0 

0 790 

Melfiyt ,. 

74 

0071 

An'toiii*, ftc 

1 8 

0 018 


113 

0 113 


100 0 

1 (HH) 


MulUplynifC by tho comN|Kiiu1ing Iu^Iut futonlic valiicN ah 
nin'ody JiH\e .• 

0 7lK)\7,lM7K .vh.|J 

«U74 N 5,21:^ n • .IK.'iT 
0018 7,4h4ir» 11J3 

lit*' lii|[h(‘r riilorilu! ^ulm* nf ... 

TIuh is t^iUAl to I1,.K)0 Britihli lirnt units (It'Hi T) 

To find till* lowi'r or ml' niloiiiir \iilu4‘, uo caftiiluft' the louor 
vnlui«H, OH nlriHuly oxjiliuiied, for ultMilutc vtliU iiiul iiulh}l iiU'oIioIa 
andacdonr. the results an* tl,(itl3 7. 4 0113 7, and bOK3(l, lesjNS** 
lively Till'll. 

(I 70i| li 003 7 A,J7li t 
0 074 M<>3 7 ‘U7 7 

0 018' 6 OHIO . IIII7 
8.71XH 

JH'dof'Mor llw'UHliT piiM'iil 0 IJL' . 837 MM 

. IrfintT 8,0.'iH 7 aoiiri I'Hliirii'H, 

«ti lo,l(»ri ItiidMli (lu'itiiHl iiinlH 

Calorific value of carbnretted alcohol.- ity Ma\ 

of example vti* niA^ take a mi\tnn' of mineraliMsI inelh\laled spirit 
and benxi'iie -eoiitaiinni;, sin. per letil of the latter, h\ aright 
Then I gram of the iiiixlim' isuitunis OH giiini of the iiiiiierahHil 
methylated spirit and 0 2 gram ot lienzeiie Taking the higher 
ealoriHe values aln'ndy gtxen fur the eonslitiieiitH, ae iia\e 

0 H X 0,3X1 3 8,038 0 

0 3 to,III 1 3,033 3 

Cnkinllo vaIih* of Uh* iiuxturu 7,017 3 arsin-rHlorios. 

Tliia is the " higher " or grow v«lue, taking the linuene wt pare 
Imueiie. In iirortice, roninu-reial “ bmrjilwould be u*mI, 
eontaining more or lew toluene, xjlenr, etc , anil giving a aomewhat 
greater ealorifie value than pint* k'nzene The " lower " eabinlie 
value o{ the niuture, ealcpiatcil on the (irinciplea already explained, 
will be found to lie tt.474 8 gram-eahiriea != 11,634 6 B Th If, 

In general, it ia Iwtter to have rahirifie valuea ax deteinnncrl by 
eaieful expi'niiient rather than the calculated theoretical valuea. 
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AS tho latter inv(»1ve oertAin AHKiiin])tloi» wliieh may the 

results to M>ine extent The expeniueiitHl values ohtnined f<»r* 
nleuliol and methylated spirit liy various ohsiTvers show soine 
(lifferemvs, as might bo expistid, hinee the deteriniimtioii [in'MUits 
M'veral diffieiilties [/>wefl gives tlie following > - 

nilurii'H It Til I!. 

AltMihitr nliMihol 7.1 HI 12,Ml 

AIihiIioI, IN) |Mr ii'iil A.IINI ll.ri20 

„ ll,2lH< Il,lrt0 

hriunt* giM's the foltoM ing its loean values fioni all the IniHtnorthv 
detenniiiutions a\nilalih‘ The ti4>t \.diH‘s hate hisai ealeiiluted 
fnaii the gross Mihies on the n*'euniplion that in tin* lattiT the 
Milter formed mas londeiisiHl t.i a riiiiil tetn}M‘niluie of lo ,V, 

(*410110 O' 4 4l(ir, I NPl.HIMrSTAI. 
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CHAPTER X 


'IIIF. IIIIillKIt lIUMOUKiUKH OF Ifl'IIYL AMX)II()L (PKOl'TL, BITYL, 
\M) AMYI. \U'OIIOI,X); FtraUXOlL 

Propyl alcohols (yjro^MNuf*), C^H, OH Mol H’t Rll (Hi. 

As alnwly CYplAincd (p. Il.'i), two iHomrric propti alcohoN 
ntv poMiil)l(t, and nrr known 

(1) Normal propyl aloobol, ('H,('H,CH,OH-('lian(-(<l‘ in IHTiS 
xliowod Ihnt thf noimal alrohol was contained in fnsri oil, ami it 
is now ubtainisl from thia mnirco by fractional distillation Linnc- 
inann* lint pmdiirisl it synthetically, by nsliicing pnipionir an¬ 
hydride. obtained by syntlieBis from ethyl alcohol 

It ia a colourlesa lif|iud with an aitrecable s]iiritunuH (siour Its 
ap gr. is 0-8IH4 at 20°/4'’, or 0R0765 at lA 6715 0° ft Isnls at 
074'’. Propyl alcohol is misciblo with water in all pni|H>rtioiis, 
but is distingnisliaklr from ethyl alcohol hy its insolubility in n cold 
saturatisl solution of calcium chloride. It forms with uatcr a 
niLstun* of eunstaiit Imiliiig point, N7 72°, the ini\tiin< isint.iining 
71 00 (ST cent, of the uhsiliol by weight.’ 

(2) Isopropyl aleohol, CH,CH(UH)CH, (.''ccondary propyl 
alcohol, dimethyl carbinol) — This alcohol dis's not appear to 
iKvur in fusel oil, or not in appreciable quantity. It was timt 
ubtainisl by Herthelot in 1855 from propylene and siiiphurio acid, 
and Muiieirhat later (1802) Krhslel prepared it from oisitone by the 
<ictlon of sodium amalgam and water. A modem method of 
using acetinin for the pur)ioao is to pass a mixture of aciSiuie 
vapiur and hydrogen over eatalytie niekel bested to 11,7—125°. 
Chemically, the alcohol is best prepared from isopropyl iodide, 
ilMdf obtainni by distilling glycerine with hydriodic acid and 
amor|ih(sis phosphorus These give first altyl iodide --- 

PsH.((»II), h DHf = CW + 3H,0 -f I,. 

> nnl. ISO], ST, 410. > Aim. Clum. Phum., 1888,148; ill. 

■ Yuuug Mul Kurtcy, Tnini. Ohrm. , tOOi, 81, 798. 
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With rMvKs of h)dri»dic add, liiw jiaiwc!! into iHopn>ji\ I iodido.— 
CAI -I 2HI .-0,n,H Tj. 

On boding tho isopropyl iodide under a reflux eoiideiiHcr with 
10 jiarta of water and some fresbly-im-iuired lead hydnixidn, the 
imipropyl alcohol is pnxhus'd, and may be distilled olf and eonceii- 
trated by dehydration and ri'-distiMation ft is a eolonrlcHS, mobile 
liquid with a spirituous (slour, haiiiig (he sp. gr 0 7807 at 
15 C/IS 6° (U 7837 at 20°ii°), and boiling at 82 7° According to 
Krienineyer, it forms a hydrate, 2(1,11,0,11,0, which boils eimstantly 
at 80° and has the same ]H'rcentage (S)in|K)sitinii as ethyl alcohol 
Voiiiig and Kortci (/or at ) give the boding |s>int of the eonstiint- 
boihng mixture as So ,'I7°, the ]HTn iitage of nhsiliol bisng 87 INI, 
bv vveighi 

Isopropyl alcohol in a mixture may iie determimsl qiiaiititalively 
by oxidising it to acetone with potassiiini biehnimnle and sulphnrie 
acid The uis-tnne ia diatdhxl oil alitr neutralising the mixture, 
and esliniated by Messingcr's methoil. as described undiT " wood 
iiiiphtha ” 

Butyl alcohols, (',ll> UH Mol. wi. 74 08 . 

I'our isomers are theoretically ]xjssible, two of which are piimuiy, 
one Hsaindarv. and one tertiary (see ]i ll.'i). 

(I) Normal butyl alcohol (n-rro)iyl earbuiol. Idiutanol), 
(!H,(CH,),rir,()ll, 

has Ihx'ii foiiiiil in the fusel od of litandy, and Is iormisl by (ho 
feriiieiilalion of glyierol with ci-rtain baeteiia Together with 
acetone, it is also formed in the fermentation of stanb solutions 
with spis'ial iidtures of iniero-organisiiis (Fcrnlsieh's iirissNs), but 
IS not pnaluivd in the fermentation of sugar brougiit alanit by 
ellipth III yeast ^ It may lie obtained by adding sodium amalgam 
gradually to an aquemis solution of normal butyl aldehyde, kept 
slightly acid w ith ddiito sulphuric acid 'File alcohol is then distilled 
off, and concentrated as usual liut.vrio arid and biityryl chloride 
also yield the alcohol on reduction with sodium amalgam It is a 
colourless, hqdily refracting liquid, with a peculiar irritating rslonr 
At 0° it has the sp. gr 082.73, or 0-8099 at 20°.4°. It boils at 
117 2° (Brubl)* or at 116 8° (Riebt.r). 

Butyl alcohrd bums with a luminous ilamo. It is soluble in 
12 parts of water at 22°, and is sei arated from its aqueous soluUons 
by addition of calcium chloride. Ita index of refraction p. s I '3!8H)0 

I Ctsuduu amt Honn, g. Cfutx Soc.f 18S7, 52, 714. 

‘ .IwHim, 1S80, an, 10. 
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flabatirr and Oauduin ha<'<> nvantly shown that normal bntyl 
alcohol ran Im- olitainrd from iiaraldcdiyde, which itarif may b(> 
ItnaliicMl aynthrtirally fnmi ralriuin carbide. (Sec ('ha|i II) 
Tlio aldehyde ih " (.rotuniacd" by paMiing it over thorium, 
titanium, or uranium u.\idr at almut :iUfl° tin arinrating the 
pnaliii't into two fractioiia, (1) of b p lift .Ititl", mid (2) of 
b p Khl. -2211°. and imaaiiig thna- arparatrly witli hydnigen ovrr 
hot redurni niokcl. tho lint fnirtioii yirlda normal butyl alcohol, 
and the acrond normal hexyl aUaihol The nickel eatalyat la 
hoatial to 1711—1H0° for the lint fraction, and to about 2(ai° for 
the aeeond' 

(2) Secondary butyl alcohol (Methyl-etliil carbmol, 2-liiilnnol), 
(!H,(0,11,) till OH---Tills alcohol may be oblainnl b\ the action 
(if anhydrous aldehyde on zinc ethyl, aa explained in the general 
methods for pirgiaring stsoiidary alcohols (p I2ll| Altcrnatixcly, 
normal butyl alcohol may be taken as the starting jaunt, and 
converted into the seconilary alcohol by the general inclliial drscrilinl 
III Chajitcr III , namely, by lirst fia-iiimg butylene, adding hydrogen 
iialiih- to this to give the uabde. and then hydrolysing the latter 
Ansinliiig to ItosisH' and Selioiiemmer.® the alcohol was lirst 
obtaineil by Ih' huynea. who jirejianal the Kalide by heating the 
sugar errthrilol with hydrualie aeid. afterwanls ismiertmg the 
iialide into the eom'sjmnding ais’tir ester hy the action of silver 
acrtatr. and hydrolysing the rater with eaiistie jxitasli to liberate 
the aksihol 

Sis'ondnry butyl uIikIioI is a liijmd laiiliiig at IHI undei T.1M H mm 
liressiire. and having the sji gr IIK2T at 0°, or II Hit! at 22 It lias 
a biinimg taste and a strong lalinir Oxidising agents isinrert it 
into methyl ethyl ketone, and eventually into ais'tic acid 

(3) Isobtttyl alcohol flsojirojiyl carbinol, methyl 2-|irojiannl I). 

('11,011 This is fiaind in fusel oil, rH|xs'ially m that 
from jwitato-sjiint, and is srjmrahsl by fraetionol distillation It* 
may lie ohlamed jiiirr by first jirepanng (he iodide from the separatisl 
alcohol, siiiiH' the iodide ran be more readily purified by distillatinn 
than ran the alisihol itself The iodide is then rv-convrrtrd into 
the alcohol by the methods already descnlxsl Alternatively, 
isobutyrio aldehyde may be reduced with aodiuni amalgam to give 
the ulrolnd 

laobutyl iilenhol boils at 1084°, and has tlio sp gr. U'tt02U at 
2U°/4°, or 0 80624 at 160°/lii6°. It is a colourless liquid with 
an islour of fiisi'l oil, soluble in 105 parts of, water, and mostly 

' (Wpt trikt , 1018. 166. icu 
* OH CittfiuMtry," 111, 18SI, 581 
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thrown mit of itohition affniii by athlifjon of calfitim ohlorido or 
rumimin «a!f Jta index of refraclioii 14(NI7 Itn iiw'o- 
tro|Mc mixtim* with w.itiT lJ!nl^ at SIMI2*. .iiid (-oiitaiiis W(W» 
jKjr cent of the aleohol b\ wn^rhi (Vounjt unit Kortiy. /or at } 

(4) Tertiary butyl alcohol (Imnetlixl carbinol; dimethxl etlmnol), 
(OHj)jC!OII — Bntlmiw* iiivt pn'fMiml lhi< iilcohot, nsinft the 
H'Oi'tinn betwM'ii Miie iiietlixl and carlHrivl or neet.xl chloride 
ileHciibed in (‘Irijdcr III A Mm|tler niethurl. r]mo due to Hutlerou, 
ih to take laobutyl alcohol Uh the htartiin; iMunt, and obtain iso- 
tmtxleno from it bv conversion into the iiNlide and heating the 
latter with aU'ohfilic jadash , the isidiutylene i*i aliHorlNHl li\ 7o {wr 
•ent siil|)hiine ai'id and the ester thiiK pnaluml im diluted with 
w'ntiT and iliatilh'd, when it rItH'oinpoKea into tli<^ alcoiiol mid 
oilphiirie n<if! Aorirfling to DoIiImii,^ the nhohol can also be 
ibtaiiUHl b^x letting 2 |«rts of tertinrx Imtxl jiMlide mnnin for two 
>r thnv d<i\s in loiilact with 5 jiaits of waliT, the inixtim* lieiiig 
diakeii occaHioiially 

Tertiarx laitxl aleoliol fornix a dehijiiesiiMit. i'rvstalJine iiiaaN, 
nhich nielU at 2*>rr when anlixdrous. and IkmIk at H2r> (K1 ft" to 
^2', Perkin’) Itasp gr at is077S8, and itainde\ of ndraciion 

iH ] 3024 The cHlonr of tlie alcohol is desiTilM'd na Kjantiioiia 
md camphor like A lujiiid hylrate. laiils ut HO' 

Voting and Kortev {h/r nt) found that (he nreotnipie mixture 
loihsl at 7001', and contaiiK'd HS24 per cent (»f ah'ohol by 
AClglli 

A htiidx of terliarx butyl alnthol and ita aqu<‘ous solulioiia 
MIS also been nnsoided by Doroschowsky/ who givea the ap. gr 
if the alcohol at ns 0 7H(Ni, and the index of refraction 

if/ aa J 3H.‘)4H With aipieoui Hohitions the index ahowa no 
niixiitiuin value 

It IS noteworthy that in the oxidation of tiTlmry butyl nleohol 
miiiG isohiityrie arid is pnahimt, aa well as rn’etone, aeetie acid, 
iiid (‘arbon dioxide 

Amyl alcohols, (',H„ oh MuI. wt. 88 lo 

The name “ amyl" wan )(>vcn by ('aliinini' to alrohnl oTitHini-d 
torn /umpI oil, a« tho latter had at that tiinr bern found mainly 
n apirit produced from Huhatanrea containing atorch (aiaylvm) 
•Wl oil iterU was 6rat obtained by Sehecic from the “laat 
unninga " of rye ajiirit,' and waa auliarqumtiy inveatigatod by 
hiinaa, who eejMrated from it by frartional diatillation a liijiiid 

* Ann. Ckfm. Phtinn, JH67.14f. I * Trang. Ohftn. Hoe, ISW, 87, 238. 

^ Ibid,, 1884. 45, 468. < J Rim Pkyo C%m Hoc . 1811,48. 6a. 

* Ann. Ckm. Pky*., 1838, |i], Hk 81 * Crcll, Annalen, 178S, 1, 61. 
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boiling At IKl And having Uio olomrntary rompomtinn 
(ialumm (‘oncliidcd that thb lx)dy was “ uoinpiic ” with ordinary 
alcohol; and later Pantouc (18S5) separated “ amyl alcohol ’’ 
itself into two isomers by means of the iMiinm amyl sulphates. 

Snbsetiuent mvwtigation has idiown that right isomeric amyl 
alcohols aro thron-tieally possible, and all of them are known 
Of the eight, four aro primary, three secondary, and one tertiary, 

A summary of these is given on p. 116. The formula of the third, 
fourth, and fifth on the list contains un asyminelrie uarbon atom, 
BO that thns' optical mwhfiealinns of each are ihsmIiIo— namely, 
a dextm-, a lojvo-, and an imirtivo form Inchidiiig optical isomers, 
thorefore, the |inesiblo luimlwr is fonr.een 
(I) KormsI primary amyl alcohol (linlyl earbinol), 
('|{,(('H,)jCHj()ll. 

This IS a lupiid, of fusel-oil odour, and only slightly soluble in u tiler, 
ft has the lHilling-|Kiint 137", and the sp gr DHIOH at 20'';4°. It 
may lie pn'isired from aniylamiiie, ('|II|| Nll|, by means of the 
nitrous and reaction (p 117) The first synthesis of the iileolinl 
was earned out by Jauls'ii and Itossi, starling with »-biity I nlcnliol 
mid using the nitnie reaction * 

(3) Iiobtttyl carUnol (Inaetii'e or isonmyl aksihol). 

(tTf,)/'H(’ir,(!II,(m. 

—This is the chief iiigmlient of the ordinary or ■‘fciiiicnlation ” 
•tiny I alcohol found in fusel oil .\s a natnnd pnsliict it is fmiiid 
III Itomaii chanioinile oil, where it is’eiiis as the amyl ester of angelic 
iiiid liglic acids Its eonstitiition was first determiiusi by Kilcn- 
meyer, who found that the acid yielded by oxidation of the alcobol 
was identical with valeric lu-id pn-]ainsl synthetically from isobiityl 
alcohol This synthesis, stopping before the oxidation, can lie 
nw'd to pre|ian' the pure isobiityl earbinol, the sto|is being eimvci- 
sion of isobiityl alcohol into the cyanide, the latter into the isirre- 
s|smdiiig acid, this hito the aldehyde, and finally into the alcohol 
rsokntyl earbinol lioils at 1316° (eorr.), and has the sp gr. 
0S248 at 0°. 081(4 at or 08168 at 1.56M56". Under 

7-tO II mm. pressure, tlio boiling point is 128 9° to 129 2°, and imdit 
7692 mm., 1306° to 131°. The alc.iliol is soluble in water to the 
extent of 1 in IK) at 13-14°, and 1 in 39 at 18 5°. It dissolves hi 
nil projiortions in acetic acid diluted with an eqnol bulk of water 
tlxidation with platuiuyn black converts it into isovaleric acid; 
distillation with sulphuric add and potassium diehromato gives 
isovaluraldehyde and isovaleric odd. With water it forms an 
> ^fin. OKm. Phorm., 1871, UP; 7a 
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LZC()tro|>ir iiiixlurc Imilins »t OSiri', and miitainini! SO.I jn-r 
lent of uloihol bj Mcintil (Vonn); and Vorti-y, hr n !) 

(3) Setondaiy butyl evblnol (Acth-c amyl aloubol), 

—Thw alcohol nccura with the inactive compound in fermentation 
myl alcohol As mentioned alwre, it uas first M'(iaratcd by 
’ahtriir On dissolving the two alcohols in strong siilpliurio acid 
nd neutralising the solution nith Imrium carlxuiate, two barium 
myl sulphates are produced which differ in solubility, and ran 
hereforc he se|)arated by rcix-ated crystallisation These 1’astrur 
btained and converted iiilo the MKliiiin natts, aftcrnanls hla'infing 
he corn-sponding alcohols by distillation w'ilh siilphiiiie arid, 
'he active uindifiiation is la-vorotatory It Isiils at 138 7". 

(4) Methyl propyl oarbinol, (TI,(('fl,),(Tl(OJI)(’H,, is a liipiid 
ith fiisel-oil odour, iKiduig at 118 5° and having Ihr sp gr. 0 834 
to' It iiiny Ih' pic)iansl by the nsluction of uiclhyl propyl 
clone The alcohol is opticallv inactive, but the d-iom)Minenl 
sr. lie dcstiojcd by the action of Pemallium j/laucuni, thus li«vuig 
ic sulKitunec lievorotutorv (Is; Kcl) 

(.1) Methyl Isopropyl oarbinol, (('l{,),(Ti (‘11(011) ('ll,, is a lupiul 
oiling at 112 5 , and having the sp gr. 0 833 at 0' It may bi‘ 
bt'iiiied by reduction of the <sirres|Kniding ketone 
(li) Diethyl oarbinol, ((',lf(),(!ll OK, is u hi(uid of pmiliar ixioiir, 
oiling at 1 illand having the sp gr 0 tUl.f at O' It is foniiisl 
V heating ethyl formate wiUi sme and elliyl iialidr 

(7) Dlmetbyl ethyl oarUnoI (Tertiary amyl alcohol), 

(('ig.C(()H)(‘,ll„ . 

a liquid with u laiiijihor-like otlour, iHiiliiig at 11)2 5', and of 
1 . gr. (1837 at 0° It can lie prepared by Hhaking aiiiylene at a 
H tcmjieraturr ( - ^U") with suliiliuric acid mixed witli'onr-lialf 
> an equal volume of water, and then diluting and boiling the 
iliitiun It acts os a narcotic 

(8) Tertiary butyl oarbinol, (OH,),!'OH, OH. This alcohol is 
rincd on n-ducing the chloride of trimcthyl-acetie acid with 
dium amalgam It is a solid, melting at 48- 51)°, and boiling at 
2°. 

Fusel oiL—This » a complex mixture produced to the extent 
a few tenths per cent in ordinary atcohnlie fermentation ITius 
am fuur patent-still distilleries the follovying quantities of fusel 
! were produced for every 100 gallons of absolute alcohid manu- 
ctured, the materials fermented being grain cereals :—‘ 

V Appendix 0, Royal Commiinioa on Whlslvy Report, 1000. 
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FumiI (lil c'lmHiiitii I'hinfly of four hifchor nlcoliolx, nniiirly, normal 
(inipyl, iwbiit.vl, ai-tivo amyl, and inactivp amyl aln)hoI« Tho 
liiat Ih 111 )' larRcal conatitiirnl Small ]in>|x>rtiona of chtora and 
fm- fatty arida aro aim prownt, with mom or Wa ethyl alcohol and 
water 

Tn addition to the forefpwng. other uliHihola of tlie liut\l and amyl 
aeries eii|aa'udly normal li\il\l, have la-en notial aa cK'eurrin); in 
fiiHei oil. and alao amall ((uaiititien of hexyl and heptyl aleohola, 
fiirfiiral, trr|K'nefl, and biuiie aulwiani'es 
By the hhi' of H|a'eial fermenta, atan li inashea may 1 h‘ directly 
fermentiHl to airtoiie and fiiael nil, with little or no ethyl nleiihol 
(Pernhaeli) The fiiael oil thiia nblaiiieil coiilaiiia a hii|;e pro|air- 
lioil of butyl alcohol Tlie acetone la aejuiralial from the ml by 
fractiimal dislillatiiiii 

Aa reganla the source of the higher alcoliols in onlinary fiiael 
oila, Klirhch' has sIiohii tlial tlicv are foiiiiial liy the action of 
yeaai ii)aiii the aiiiiiio-ncida uliicli ivaiili tioiii the ilia'iiiiifaiaition 
of pniteid laaliea pma’iit in the niaah and alsii in the yeast itself 
lieiieine, ((Ti,),('H (TI,('H(Nll 2 ) COOII, yielda inactiic amyl 
iikailiol Siiiiilarly lanleiicine yiehU the active amyl iileoliol 
In iinlcr that tliia ma\ lake place, the niliogeiiniia lesidiica of 
the iiiiiino-acida muat la- split off in the form of ammonia, but tliia 
aiiMiims- eaiiiiot la> detectisl in the liquid Khrlich'a cimclusinn, 
therefon-, ia that the ammonia ia aasimilateil aa foat ns it. in formeil, 
and ia iitilimsl m the production of tlui nilrogiMioiia ronatitiicnta of 
the gcowiiiR yeaai The prmluetioii of fiiael oil deia-nds ujain 
whether tile .vcaat denvea ita nitrogenous nutriment from aiiimn- 
ocida, or from other aonrcca which yield aaaimilablc nitrogen inoro 
reailily aa, for example, ammoninm aalta When thrae nra 
pn-aont, tho amuio-neida are not attacked, and little or no fuael oil 
in prudueoil In a aolntion of pure sugar eontaining no other more 
reodily-osaimilated nitrogenous nutriment, the yield of fusel oil 
van bo inercoaed either by adding amino-aeids or hr no arranging 
the eonditiona that they arc unfavournhle to the growth of tho 
yeast, and thus induoinp it to exercto a part of its own nitrogen in 
the form of amino-oei^. In the ordinary fermentation of pure 
sugar by yeast, the pereentoge of fusel oil calculated on the total 

• Btr., 1M7, to, '1037. 
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yield of Aleoliol rnnf^ from iilHiiit 04 (o 0 7 |er n'lit Wlieii 
loueinc in addnl tn the the {inKlui (inn <il fuHt«l oil iiin> nne 

to RH much as II pt‘r cent, the iniixiniuni ueld ijeiiijr oUaihed when 
the pro]xirfiun of to Higar is one to li\e * 

In I'Oiineetiuii with Khrlieh'H Men that under eertnin rtMiditionii 
the jeaat itHclf may vield up boine of itn mlroj»on, it may l»e men- 
tioiHKithntJ H ('arrueidn liad piv\iouHh put foruard a Miinewhiit 
similar HU^cgeation in diM'iiasinj^ the nietdiaiiiMii of the proiluetion 
of glycerol during aleoholw fmiientatum “ Jh* attnhutwl il'e 
formation of gl)ei‘ri>l not to tlie <li‘(oin|K>}iiiion of augur h> yeast, 
hut to an antolytie (h^truelinii of the ^’eaat itsiH. probAl)l> owing 
to the aetion of an enr.Muc on the piotein inuteiial of tiie \east* 
eelN > 

Synthetic fusel oil.- it N of interest to note that piojHtsuU 
for tiu* nmiiiifaetiin' ot sMithetie ftiHi'l oil haie liirn put forwiird 
fn one iiietliod gasoliiit^ b elilonriati'd, and the ri'siilting ehloriimtiHl 
livdnieaihons heHtinJ witli iiietliil aieohi>l and a formate to MO-ltHr 
umier preasiire Tlie produet obtained eonsMta of itumohydric 
aleohola of liigli Ixuling |Hiint, which, it is claimed, eiin he unisI na 
a hiihstitute foi fiwd oil * 

In iinntlier proeess, u petroleum distillate boiling between 20° 
and 7o°, eontuniing jieiitones and hexanes, is trcati'd with chlorine 
ao >is to pnxluei* ehieily tiioiKN'Iiloro denvatixes 'Fluiie are then 
heatul with an acetate to i7U 2>')0° at a iinitsiifo of l|tK> ih |N*r 
sfluure in<‘h. thu produet furniHliing a iiiixtui(‘ of |K'iitvi and liex^I 
aleoiiols A further \ icld of these* al(*<diolii la obtained by hydro- 
lyamg the ob'finca winch nn^ jircxluced at the aame time ^ 

Jly another niethou, ihe ateuric ueid ester of the higher alcohol 
is fornK'fl through the aetion of mxIiiiiu arearalu ii|H)n iX‘nt>l or 
liex^l ehloridu, and the ahtihol obtained by h^drulyHing ihe ester* 
Hteune acid and solul eauatic soda are healtHl iogetlier in a jacketed 
vpssel at 200 -240°, and when thu water has been (‘xpcUed, a mixture 
of [wntyl and hoxyl i blondes is intrrHjueed at the bottom of the 
vessel A part of the chlorides reacts with the sodium stearate, 
whilst another ]>art is nmverted into olefines, end some distils 
unchanged. After ee}iaratiiig the volatile products, the fltearic 

1 Ber., 1107 , 40 , 1027 . 

> RtviHa Acad. Se%. Madrid, 1904; L 217; soo J. Chem. Soe. 

IBie, 88 , [ij, 380. 

* It liM recently been showu thsi sugar, by fsminilAtxm under Hpcniil 
cunditiuns, can yielil aa mudi as 21 per c<hi 1 fl( glyeond. (K Hchacit/rr, 
Jiflv Ohm Arbtn 1919,2. 107 ) 

* Bnwka and Essex, IT,S.P, 1221007, 1017. 

* IT.S.P., 1214910. 1017. 

* 1{.P., 119240, 1917. 
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rater rnnaining in nM)liiI te about anil diTonijinsHl by hratini; 
again with rauatic soda to ZOO-SIO". Tho rrnulting alcohol is 
then dietillcd off in tho prracnco of a little water or steam. 

Composition. —Fnsel oil is of variable conipositioii, 
depending upon the nature of the materials fernientnl, probably 
also on the kind of yeast, and on the method of distillation Whilst 
tho nil from grain spirit or potato spirit is largely eoiiiposed of 
amyl alcobols, that from lirandy-mares eontains a notable quantity 
of normal propyl alcohol, anil sonietmies normal buty I alenhol' 
also; and much isobutyl alcohol is found in spirit distillisl from 
bent sugar washes 

K. Windiscid gives the folloaing analysis of fusel oil from potatoes 
and from grain; the results are calculated upon the oils fns'd from 
ethyl alcohol and water ■— 

IVrcontago hy 




(jiiiiii 


I'ltllllo 


Xoriiiftl propyl nli'oluil . 
iHobiityl nlrcHiul 

. UKo 

3<H) 

. 24 a.') 

1.178 

Amyl „ 

(iM 7fl 

7UH.1 

lloxyl 

. 

0 1.1 

llojitvl „ 

Fnit inMy aridx 

IMIl 

TmtH*. 

010 

Vntty tt4'i<l ivtom 

0 02 

0 30 

Furfurul ninl Inuw'h 

(100.1 

0 (l2 


In the grain fusel oil Wimliscli also found tcr|s-ncK, lHil);i ivr 
ci'nt, and tcr|iene hydrate, (1048 (ut vent Doth these, cicii 
when highly diluti-d, hail the elmractciistic aroma of gram spiiit 
Tho terixMie lesombled phellaiidreiie.butwas nut positively iilculifiisl 
An old analysis of Kiibutcnu's* shows 1,1 ]icr cent of isopr»|iyl 
alcohol ill fusel oil from [sitatn spirit, but this has nut Ihsui coii- 
tirmed 

Tho acids and eaters shown in Windisch's analyses were found to 
Iw chieHy capne and capryhe, with smaller amounts of cajmue and 
pclargonic, a little acetic, and traces of butyric 
Dr. J. Hell’ gives the followmg as the eoiiqxisitiou of fusel oil 
obtauied from patent-stdl distilleries pnxlueing (I) “gram " spirit 
and (2) '* molasses " spirit: 


Ethyl iiloohol 
iSopyl „ 
Butyl „ 
Amyl „ 


(X) Grom (2) Mulamca 
spirit. Bpint. 

Por<!c>nt. Fcr4(>ii(. 
6-a 9U 

18-9 IS U 

33 4 43 tf 

42-8 30 0 


> Arh. Kai*. OnumL, 1892 , 8 . 828 . 

■ Pompi, rtnA,, 1878 , 600 . 

* Seloot CXimmittee on SpiiiUi, 1891, Mniutoi. p. 93. 
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Ortlcmneau’ fraciionatoi) a laiKi' quantity 25 vrai old coRnne 
brandy, and ubtainotl 344 5 rtbiiih of Inghor nUoliuU |kt hot-tolhro 
of brandy. This fusol oil portion had lh<‘ folloaing |H'nH'ntago 
compoKition 


Noniml prupyl «li*ulin| 11 It 

n butyl M U3 r» 

Amyl iihdhol ;!4 3 

Hfxyl and hi'plyl alcmiol (I A 


* Kiliiilar troatinriit of conimt^nial Alroho|> dorivtil from iimiro, 
bettrtmt. and jHitatoi’H yiolded Ordonnoou im trnco of w-Iuitjl 
alcohol, but only propyl, laohutjkl. and nni}l idcoholM The N'but^l 
alcohol found m the brandy uhn attribiitiil to the intliiciKc of 
cllil)tical yeaflt 

ClaiidoK and Mtirin^ Hubacqucntl} cxaiinnctl 25<) graiiiN of tlic 
oila obtniiu'd by ilrdnnncau Hichc am* dehydrated uitli 
jK)laM*«iuiii earlNumte and barium oxide, and fmctitmated the* 
cumpohition of the fnii'tion (‘ontaiiiiiig the higher nlctihoU eras na 
lolloufl •— 

I'litpyl aliolidl , 11 ft |H*t I'l'iil 

jM>bu(\l „ .t r> „ 

Nimiifu butyluliohdl ,, fft«1 „ 

Amyl Hlcfilidl .,111 

'I'hcc mvi'!<ti)!atois tliuH i'(>nliriiir(l OnliuiiiiMirH uliscrvaliiiii lliat 

iioriiiul iiu(,\ I ii1<'iili(il wa.tt coiMlituciit of tlic oik It nus Kli'iitilicd 
lij it, va]iour ili'nsily and by runvcrhioii into the eniTei-jioiidiiig 
iodide They iiere inelined, honever, to uttiiliute its jireMiieo in 
tlie hnindy to the ileveloimicnt of a liaeilhii) perlia)»i Ihinlhii 
lulylicus- in the vine from which tliv himidy vuh iiiiule, oiid not 
to the action of elh|itieal yeaxt They adduced an exiieriiiient'' 
in vhieh uugar niia fermented by' eliiptuiii yeiist, uhtnined from 
wmc and pnriKed by culliTatinn Foreign niiero-oigHnieni!i were 
excluded Fruni 100 kilos of biigar they nlitoiiied 5i 0 grams of 
higher alcohols, but these did not melude any normal butyl alcohol. 
Tho constituents and {^ixirtions were ; — 

Ar-Fro|ni oiouho! ,. .. 2>0 gmnut 3 7 pt‘r cent. 

Itobutyi „ .. 13 „ 2 7 „ 

Amyl „ .,510 „ s«035 „ 

The proportions of propyl and isobntyl alcohols an- noted as lieing 
unusually low. 

Subsequently, Morin* distilled 02 litres of genuine cognac brandy 


• Cimfl. rani, Issa, IIM, ilt-SlS. 

• /M. I8B7, IH 1109, 


• IM, 18S7, lOi 1107. 
< IM, ISS7, IH, lOin 
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and (tBcrtionatcil thf ])nNlii('ls, nbUining thprpfrnm 3(HI |^;ranu of 
liiglirr alruhola, na follon'o -- 

iV-rmiiyl Alnihfil .. --12 I jkt mit. 

Imhutyl „ II „ -- 2110 „ 

Amyl „ , 173 „ - OTi 0 

Normal Inityl alinhol was nbaciit It would thendorc apiioor that 
lliia alnihol m not noii'iwanly a i-onatitiirnt of thr fuoel oil oblainni 
from branily. FiirlliiT iitvcotigationH, himcvt-r. an- n-quinvl 
An annlyHiH of fowl oil fniiii potato apirit, quotoil by Ifcrrii'k' 
oa dill' to Kniia luid Kajmanii, hIioho !M 2 piT I'rnl of amyl ali'ohol, 
and about 5 (a-r I'ont of othtl alcohol, nith mobiityl. {iropyl, and 
hexyl alcohols togcthiT totalling only about (15 per is'nt Tliis 
apis-ars to Ix' an abnormal sample; but in an\ case the olhiT 
exampicM given alsive ahow that tlieie is isinsiih'nible lanatinn in 
the coiniSMition of fusel oil- ns indisKi hoiiIiI be cx|Meted troiii the 
dilfemit eondiliiins of itrisliielion and inlleetion under nhieh 
different oils are obtained 

Kusi'l oil is soluble in ether, ehloroform, earhon telraehloriile. 
carbon disulphide, benzene, and ]ietmleuni ether; but is dissoh isl 
by water to a small extenl only li absorlui ehioriiie nitli some 
avidity Us chief application in the aits is for the inaniifaetiin' 
of amyl awtate. whieli is eniploynl in mating flarmiring essi'iiis's 
and as a soheiit for celluloid in the pre|iantlioii ot varnishes, leather 
siilistitutes, and siimlar articles h'usel oil is al-o ii-ssl ,is a soim-e 
of higher alcohols, uliieh are se|airatisl from it h\ fiaelioniil distilla¬ 
tion The s|iri'inl varietj of fowl oil pnidneisl m h’ti nliaeh s 
pna'css, which is said to eontaui about ti,'> |a'r is-nt of butyl ahsihol, 
has lieen suggested fur use in the niamilartiire ot svnthetie rubber 
Evaluation of fusal oil. - Onlinary fusel oil is of \ulur 
ehielly on aeisainl of the amyl nleohnl which it eontaiiis, and it 
is, or should Is', appraistsl euinniereiailv on this basis 
An approximate inethial of estimating the amyl alrahol was 
ilcvisnl by Allen It lunsists in agitating the sample in a graduated 
tube with an eijiial voluino of bcnu'nv (or petroleuin s|Hrit). 
iSuHieient water la then added to cause the lienzene to separate. 

1 he increase in the volume of the benzene layer gives approximately 
tile volume of amyl alcohol in the sani|ile. 

It is obvious that this is only a rough niethixl. which would serve 
fairly well it amyl alcohol were practically the only higher alcohol 
present, but whieh would include as amyl must of the butyl and 
propyl alcohols in the qaniple. 

Q. llcinzelman* has described the method useil at the Initifut 
* Atrolio)," p. I7tt. ' 

^ ZntKk S^mUmnd,, 1012* S5» ttlS; J. aVoe. C’iUm. Ihd., 191S, |1, 1141 
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fiir OnningHL'ewerhe, Berlin, frir tHoriiiiniiig the |»n)])i)rti<>n of 
amyl ahH^ioln in fiiM*] mla Tt ctniNiHU in iUHrrtainiiig by fractional 
(listilliithm the pn^iMirtioii of iKstillatv iMulint; nt 127 131' A 
8{asial form of fractionating column is cm]iIoyc(l, u figure of 
this is ap|K‘n(h'(1 

Four fractioiui arc coUiM tod : (n) up to 00°, (b) la'twctm and 
llii*’, (r) between IJ.i'' and 127°, and (d) 
between 127* and 131° 

Fradion (n) lontaiim eth>l ulecthol, 

Koine fuH‘l od. iiml water It la diMilltsl 
trotn a wiiterlNitli through the fitutiomit 
ing toluniii RH long ethjil alfHihol imaM*;* 

(ni‘i The lesidue is reinovcsl to a 
fltoi, >aturated with eoninion salt, and 
the fusel oil jMirtion which M'jiaruteH in 
ohtdiiKsI b\ iiiimiiig olT the Milme solution 

Fiaetioii (1/) le also tFf'atisI with aalt. 
and the tiisid oil jMiilion H‘|Nirate<l m the 
^allle ua,\ Tliih in mixed with that ! 

oblamed fnun (4). and re-fraetionatisl 
When the theniiometei indii'atisi 112*’ 
fraition (r) is addtsl, and the diHtillatioii 
i'<i»tmiief], the (Mtrtion iMiMting o\t*r at 
12‘i and iilane liemg eolleeted M‘]iur 
aleiv Ita amount, nddisl to tluit of frac¬ 
tion (d), given the total Meld of aiii,\l 
aleohnls 

Hie quantitv of fusel oil taken for <hs 
tillutioii IS I 5f)0 1 e In an example gixeii, 
fraetion (a) ainmintetl to 1140 e e, {h) to 
420 c c, (r) to 4.1 e c, and (d) to 475 e e 
Fmni the refraetionation of (a), (5). and (r), 

17.5 e e were obtamed diatiUing above 127° 


Hie total\M»ld of ani>l alcohoU waa thiTi’- Fu. 3‘i iiMenosMiieo 

. ‘ ^ , miiMN I OK nsfci OIL 

foro tkltt ce, or 43 3 per ct‘iit. by twMsiw 
volume. 

Estimation of ethyl alcohol in fusel oil.-- Hiia ia 

of Home im]»ortanve, since fusel oil contaimiig not more than 15 |H»r 
(ent of proof spirit " » allowed to be iioiiorted into this country 
free of duty As a eoropltrmeni lo this, >iirb fusel oil is allowed to 
be sent out from home distilleries also without payment of duty 
Hie ueeurate cKtimation of ethyl alcohol to wich a complex mixture 
of alcohols as fusel oil is a matter of some difficulty, since tlie 

0 v 
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cotnplnte elimination of propyl and isobutyl alroiiols is iinpraetirable. 
'Hie following method, however, due to J Holmes, gives results 
whirh are subsInntiaUy correel, and it may be used with ennlidcni'r 
fur fusel oils containing up to 20 per cent of proof spuit. Tliough 
somewiiat tedious in the detailed description, the actual operation 
takes only about two hours, or less if a scries is Ix'ing done. 

Beforo giving the iWiu npemnJi it will be well to ex|ilnin shortly 
the principles on wliich the piVxoHs is based. 

(1) Tho oil is extracted with n relatively large rolumo of water, 
auflleient to n-more the whole of tlio ellui alcohol Some of the 
higlier olisihols are netessnrdy taken out at tho same time On 
satuiwting tho aquisjus solution with (siininon salt and extracting 
it Writli )iutroIeiini ether, the greater ]iart of thev< higher alcohols 
is removed 

(2) Un now dislilliiig the spintnoiis salt solution, all the rt'inainiiig 
alcohols are obtained in a relatively small volume, and a repetition 
of tho sult-]s'troleum extraction removes all but a sinnll ipiiintity 
of tho higher alcohols, leaving the ethyl aleoliol npproMinati'ly 
pure, but not entirely so 

(3) The disturbing eltn't which the small ipiuntity of bigliiT 
ulisihols still ]irrsenl exerts ii|Kin the sjassfic gravity of the Miliition 
eon now Im determinni by means of the refraelumeter, and the 
iicceseary eomretion applied 

Tlie maius opemmfi is ns follows: - 

I. Extrsotlon. 

(1) -I'ako 7,1 re. of tho sample Shake it vigorously in s 
Be|iuralar (/I) for Mime minutrs with 160 ee of water (If an 
einiilsion forms, add a few crystals of salt) 

(2) -J>mw oil tho aqueous layer uito a second sejiarator (11), 
saturate it with salt, and extract it with bW o c of |wtrolcuni ether. 

(3) -Hun oil tho aqueous saline layer into a third separator (C), 
and extract it with a second quantity (150 e.e) of |wtroleum ether 
h'mnlly draw off this saline layer into a distilling flask Iieave the 
two quuntith's of (letrolenm eUier in the respective separators 
il and 

(4) —Meanwhile, the oil in separator A is sliaken a second time 
with 150 ee. of water. Tlie aqueous citnet is run into the 
petroleum ether remaining in separator B, saturated with salt, 
and extracted with this potrolsum ether. Itun the saline hquid 
into the petroleum other remaining in separator 0, extract it with 
this ether, and finally add it to the first quantity in the dutilling 
flask. 



* THE manKR Hoimtofinai of rthvi- aujohoi los*' 

(H) —Biipoat (4) Ttiua tlip Miniplp haa Im'ii ralnii'ttfl with tliriv 
M'luirntr (junntitim of uutiT.niiil thoiii|U(iiufii'xtni<-l<s aftoriiililitioii • 
of Knit. Iiarr inch Iktu (‘.xtnirti'd tniix) nitb llu' ■uini' ino qiiiintitii'H 
of iriO c.c iH'troleum Hlirr. 

IT Distillation and ra-oxtnutlon. 

(ill -Thr liquid in tin- distiiling ilaak (4(KI cc of apiirtuoua Nilt 
holution) ia now diatillod until about 7U c c. of diatillatt' am nillci'tcd 
Tliia Hi aaturalrd with salt and again rxtrailpti vitli IfiO oo of 
ix>lrulcuin ether finally thia jairified wilt mlulion ii> le-diatillnl, 
the dUtillate made up to 75 e.e, and the a|aa'itie fimvity taken. 

Ill Retraetometer oorractlaB. 

Tliv n-fraetuiu rradmg of the dietilliite ii taken uitli the SteisH 
iiiiiiKTMon refraetoineler Tliih nwiliiig will hi> Miiiienhiil higher 
than that of dilute etliyl aleohol of the aaiiie eiarilie giuMly (we 
table at end of eliaptiT) The dillerenee is iiiiiltiplied b\ Ike 
faelor 1 I, and aiibtraeted from the jHTeeiilage of laxaif spiiit 
roin's|Hiii(hiig mill the ajawifie gmxily of the distillate (11ie 
faelor I I la an ex]a-iiniental result) 

Evaiiiple. Sii]i]aiae the hiHwifie gruiity to la- llllHIitKI and the 
refraelion reading to la' 52 (I 

from Ihe table, aji gr OilHIiUO --ITU jier eeiit of pnaif apint, 
the n-fraetion laliie of uliieh is 2H7 

Then (52(I - 28 7) s 11 - 5 (I, Ihe siibtraelire eometioii to lie 
api tiled. 

Ilem« the pen'entago of pniof a[iiril in the final dislilliile is 
170--3(> - 1X4. 

'riiu is abio the jiereentage (by volume) of pnaif sjunt in the 
iiaiii|)lv, sinee the volonie taken (75 ee) uus the name as Ihul of 
the final ibatillnte 

In a M'rirs of mixtures, of knonii Kim|x»,itiun, euntniniiig from 
5 to 23 per eent of etliyl aleohol at pnaif stmigth with varying 
projairtionB of higher alcohols, the mean lefcaelonieler eorreelion 
was 4 3 (lowest 3 38, highest 5 70) If, Ihendon-, no lefrai tometei 
is available, an approximation to the eorreet mull may hr obtaiiieil 
^y dedueting this mean cuireetioii from the quantity of {iroof Bjiirit 
indicated by the apeeifie gravity of the final distillate 

As a rough " sorting out" method, which diwa not pietriid to 
estimate the ethyl alcohol, bnt whk-h is uscfnl for ahnwiiig w bethel 
such alcohol in a fusel oQ approaches the IS per cent limit or not., 
the foUowing process may he employed. 

Mix in a separator 100 o.c each of tho fusel oil, water, and 
petroleum ether. Shake vigiHoualy for a few minutes Let stand 
Bve minutes. Run off the eqncoua layer into a graduatisl eylinder, 

I> 1) 2 • 
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and d(>trrimii(' il'< roliinic and siH-rificf;invit,\ 1{ tin; tidal i|iiantitr 
Mif pruof hiiiiit ill thf niiiiimis lajcr, I'ldciilnti'd un thi- ><aiii|ili', ih 
I cia than IS piT irnt, il in |nolinl>li' that tlir |>rn|Kiiliiiii uf idhyl 
olrnlinl, al finiof Htn-nitth, ih aWi Ii'hh than IS ]ht iinl But i( 
anything inoic than n nmgh idea of tho amount is nantcd thp 
longor nvtliod should 1 1 : riiiployrd A little emultaun oouietiines 
forms: the \oliime of the aqueous liquid coutauiing this eon be 
dctcnninnl sejiaTiitrly, after the mam elear ]iortiun has Ixvn run 
oB for the speiific giinity deteriniiintioii 


KKIR 4 lT 10 N'V 4 t.l ihS AgifhUltH sULlfTUINM U» IIKIIll K Af MiHitLS, ( OMr\ni l> 
WITH TIIOHI. ur ruOilK >TJIVI. AU'Ollol. (“ rHlM>r '*) Kl.iss IMMi.HsMiN 

Ri.rKAlTUM»TIJi TmnJUTIIItfc 









Bp JfT 

Rplllt 

Klliyl 

yuniml 


Imi> 


Ifi 6“/lR 6 ’ 

IVi ('(‘lit 

iiIfNilitil 

pi«i)>yl 

pntpjl 


Aiii}l 

U {)0!)14 

! 

16 1 

16 1 

16 1 

lliH 

17 1 

Hl'H 

•1 

16 8 

17 7 

17 (■ 

1S3 

IH7 

m 

ii 

17.‘. 

18 0 

iHii 

10 8 

20.1 

<I(K) 

4 

182 

20 1 

I Oil 

21 3 

22 4 

j7H 

1 

18 0 

21 3 

20 II 

22 0 

24 1 

m 

6 

10 7 

22 6 

21 7 

21.1 


4lil 

7 

20 5 

2.10 

22 H 

26 1 


340 

H 

212 

‘*.1 * 

23 M 

27 8 


262 

0 

22 0 

26 6 

2.1 U 

20 1 


m 

10 

22 8 

28 0 

26 2 

31 1 


112 

11 

23 6 

20 4 

27 4 

32 7 


030 

12 

24 4 

3118 

2K7 

31 1 


U 0806U 

1.1 

2.1.1 

32 2 

20 0 

36 0 


8i)6 

14 

261 

33 6 

31 2 

37 7 


826 

15 

260 

J<10 

32 4 

30 3 


737 

16 

27 8 

36 4 

33 7 

11 0 


mi 

17 t 

28 7 

37 8 

3t0 



623 

16 

20 5 

30 3 

36 2 



tail 

10 

30 1 

40 8 

37 4 



402 

20 

31.1 

42 3 

38 7 



426 

21 

32 3 

43 7 

40 0 



364 

2'* 

33 2 

45 1 

413 



302 

23 

34 1 

46 5 

42 6 



240 

24 

35 0 

47 8 

43 0 



IHO 

25 

36 0 

401 

4.12 



120 

26 

36 0 

50 4 

46.1 



030 

27 

37 0 

517 

47 8 



000 

26 

38 8 

.12 0 

10 2 



0 9iH40 

20 

30 7 

54 1 

.10.1 1 



H62 

30 

40 7 

.15 3 

.110 1 



634 

31 

41 7 

.16.1 

53 2 ' 



766 

32 

42 6 

.17 6 

54.1 1 



708 

33 

43 6 

.18 7 

55 8 



O.'iO 

34 

44 6 

50 8 

5? 1 > 



0 07602 

35 

4*13 


58 4 
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Several approximate methods have been suggeated for the 
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CHtiiiiatinn of oUiyl iilroluil in fiist*! oil, mv]\ ax fhiit> nf 0 h Ulrx,^ 
lm( Hk^v aro more trou)ilo>%ome than Iho foreirriing short |)roc<^,^ 
anil do n(»t give vei'\ iiiriiratc n'Milta Ilex's ivoeiw in ns 
follimn - 

Diatil I<N) VC of tlu> siiniple until o i e Iiqm' Ineii collt'cled. 
Shake this distillate with an i‘«pia 1 lolunie of saturntiMl salt Holntiiui, 
and let the niixtuie seimrate If (he fiisi'l oil Iiimt anioiintH to 
one-hidf the \oluine of the distillate or more, il iiia) Im* taken that 
the saiii)»le eoiitaiiii'fl less than lo ]nt rent of spirit If no fuael 
oil he|Nirntes out, nr if (lie \ohiine is less than one-half that of thi* 
distillale. il jiin\ 1 h‘ iissiiinisl that tlien* is at least lo jnt rent of 
Hjiirit 111 the sanijile To iiseertiun the tju.intity iiion* iieail>, shake 
KN) (• e of the sample with an eipjid \o|iime of sntiiia((*d salt sulu 
tioii, sejumte the latter, ainl distd it Make iiji the dibtiilate to 
liHl ( e, take the ^iHNilii* giaviti. and troin this (letermiiie tJiu 
aiiiomit of aleohol pn^i'iil. assiimiinr that tla* distillate conialim 
etlul ahsihot iind water only 


' j'lhih I’liiuM, isra. 3*1, aj,! 
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KI’IIIITIIOUH IIKVKIIAOm 

I - 'I’HH CllKMIfAl, KXAMINATION OK POTABMC 
SI’llUTS 

\Vil.\T w uniiilly n'fcTfi'd tu iw Iho “ alooliol " of onlimry poklilo 
Hpirits rliioo not coiwiiit nii-n'ly of puro othyl alrohni Small 
(point tin) of nsnocuili'il Iiy-pnoliirbi. csprrially lii|;hpr nWliolo, 
OdhTii, nldcbydca, and acids, are prpwnt with the ethyl alimhni. 
and U|xm the nntnr(< and jiroportinn of (hew by-pnidncia depend 
(he opeciid llavonr and ehnraeter of the opirit Ktliyl alcohol 
alono would pve a rehitively fcatnrciciw apirit, apart Imin ila 
profH’rtiea na an inlo\iennt The diflereneea in flavour Ix-tnecn 
hraiuly, rum, and uiiiaky. and ahiu—equal ak'oholie atrenylh la-ing 
poatulatMl -any difTereneea in phyaioloKieal ellrvta which they ina) 
allow, depend upon tho by-pmdacta doveioped during the inaim- 
fact'iiro of theao apirita, in an far aa these hy-producta am retained 
in tho fliiiahial articles, Kiirthermore, tho differennsi in eharaeter 
lietween varioua ajieoiincna of the same elaaa of a)iint3--whiaky, 
for example—are, other things lieing equal, due to variatinna in 
the eharneler or amount of tho by-produeta or “secondary eoii- 
atitiK'nts," aa they are generally ealled. A “ pot-still ” whisky 
contaiua mure of thisie than a “ patent-still" a|)irit. 

In fart, the luwlem patent still rectifies tho spidt so thoroughly 
that only a aniall quantity of the serondaiy ronstitnents may 
remain. Henee such spirit is known an “ neutral ” or “ sOrnt" 
spirit. It la also often referred to aa “ grain'' spirit, from the fact 
that nnmalled grain', as distinct from malt, in largely used to supply 
the wash distillnl for making potable spirits in patent stilb 

Aa It b iiiiule from cheaper materials and by more cllectivo {fiant, . 
polciit-still spirit is cheaper to produce than tho pot-still vmrioty. 
Uenco there is a temptation to substitute it for t^ latter kind in 
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Komn cases. It in not to be assumed, honeTer, (hat (Ids iB>m‘era- 
Mirily done with fraudulent intent, esisrially uliere whisky is 
eoneemed Many jaMipIe prefer a milder lilenil of the two kinds 
to the stronger-Haiournl pot-still viiriely alone Neverthelesa, it 
IS often necessary to know what is the elinrai ter of a given s|Hvinirn 
of spirits from this point of view namely, as In whether it eoiisists 
wholly of pot-still spirit, iw of |iatenl-slill spirit, or of a mixture 
of the two. 

The ehriniral analysis of isitahle spinis is not always suDieieut 
to decide questions which may ariw as to (he gcimineiiess of the 
S|)inls nr the isirnetness of (he designation under which they are 
sold Our kiionlislge of some of the ennstiliienis is iinis-rfivt, our 
melhisis of deterninimg others not very satisfaetniy , and, above 
all, (he articles theinvKes varv, and legitimately Miry, within 
certain limits Notwithstanding (his, elieniieal analysis, as lemarkeil 
liy the Royal Com mission isi Whisky,' “is espnlik' of nffoidiiig 
very im|siitnnt assistance in nianv, if not in all, eaix's of sus|ee(ed 
miMlcseri|ition. when the rcMilts of aimlysis arc taken in eoiijiine- 
tion with other cl idem e such as (hat of the ex|ieit (aster ' Nis'dless 
to say, there an- many eases in which eheniienl analysis is eo]Nihle, 
nolonli of ‘ atlordhigassislaiiie," hut of showing |Kisilivrly whether 
a spiritiKSis article is or is not what it purports to he 

Tlie aii.disis usually eoniprises the following deteriiiinalions - 

il) Alcoholic strength. 

(3) Acidity, lixisl and volatile 

(3) Total solids and ash, with fiiitlier examination of tiiese when 
necessary as rrganis coluiiniig-iiiattrrs. sugars, nictallie eoni]s>iiuds, 
etc 

(4) Character of the dlstiltato, in resjsst of the pro|sir(iunH ol 
secondary ronstlturnts 

(a) Volatile aeida. 

(h) I'kiteni 
(r) Furfural. 

(ft). Aldehydes other than fnrfnr,d. 

(r). Higher alcohols 

Kxcept a.s regards this lost item, most analysis use substantially 
the same processes for making (he reaiieetivc determinations. 
Several different methods, however, am employed fur estimating 
the higher akohols. It will therefore be convenient to describe 
first of all (ho operations for the other constituents, leaving the 
higher alcohols for separate discussion. The processes adduced 
I Final Report, Cd. 4T86, p, 47. 
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bfinw ire thimr in uhc at tho Govpmment lyibinatnry, vasontially as 
given in uviilrnw tn tho Royal (*nninii'iBiun on Whisky ‘ 

Total acidity.— Fifty re n( tho aamph an> titrntid with 
(iorinormni msla nr liaryta, using phrnolphtlialcm soliitinn as 
indioalor 

Fixed acidity. Aimthrr portion of .'ll) (1 r is i'ra|ioraUsI in 
a lioakor to near (Iryncss nvor a stoani-liatli, about S.'i r o of ilistillnl 
Hater luldni. and the solutiou again evaisirated The n-sidiie is 
then diHsolvisl in aliout 25 re of cold, r.eently boilisl. distilled 
water and lilratcd with dreinnrnial soda nr baryta aa Isdoro. The 
dilTemiro lK-lw<s'n the li.xcd neid so aaecrtained and tiie value 
nbtaimsl for the total aridity is a measimi of the volatile arid 
Both are oxpnsweil in terms of aeetie arid 

Total solids and asll. —Ono hundred e e of the sample, or 
the residue left in the distilling flask fiom the distill.ilion r\|H‘ri- 
raeiit ineiitionni Ik'Ioh, are ein|siratHl to dryness in a fared en|isiile, 
liriisl in a steaiii ovi'n at 1(11)', and Hcigbisl after nulling m n 
desirealor The residiio is then ignited at a dull red heat to obtain 
(he ash, whieh after neighing is cvaniined lor the presrmo of lead, 
ropiH-r, iron, ete, if nspiired 

Distillation, ronimerei'd K)>irils are often slightly Min'teiieil 
and enluured. usually nith eoramel, though sometimes nilh a eoal- 
tar dyv Moreover, most siieh spirits nuilain eoloiiring and ntlira 
matters rxtraetni from the ensk in whieh they iuive las'ii stored. 
Hence it is necessary to free the spiiit inoii thine eulouimg and 
rxtcaetivr matters by dislilintion, Is'fnre the tests di-senlssl ladow 
can lie applied This prartier is also advisable even nlirn the 
spirit appears to bt' eoluurless 

Tho sp(>ciGe gravity and ap|wrent strength of the samjile haring 
been aseertained, a ineosared quantity (120 to 150 ce, or mote, 
aceorduq; to the atrengtii) is plaeni in o distilling tlask. ddiited to 
lunrly 2IK) ee nitll distillnl water, and gently distilled tn os neat 
dryiim us {Xissiblr without charring tho nisidiie Tlio distiCatc 
IS made up to 200 c.o. with water, and the aleohohe strength 
determined, it should bo about 50 per cent by volumr (87 5 per 
cent of proof spirit), and the quantity taken for distiUatum 
should have been such as to give this strength. 

(Ifole—Some analysts prefer to complete the distillation by 
passing a current of steam tlirough the residual liquid when it has 
been distilled down to a small hulk See below, Ailen-jMarquardt 
method) 


Apjx'ndtx 0, p. 17. 
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Examination of the Distillate. 

Volatile acid. - -KifU <'(■ Ilf till' ilinlilLiti' nn' (ifrali'tl with 
(Imnorinal .wnlii wiliiUoii, u^iig iinr tinip of phi'noljihthiili'in 
anliitinn m iiiiliriitor The oeiil u ealeiilateil us neelie (i-e .V/IO 
mxlu lists! ■; H (HN) , 2 -- aeetie aeiil in uriiins |x'r KHI e e iil 
tlUliIhlf). Tti espn-sH the n'sult in the eiiKliiiiiar\ fnriii aa iiillll- 
firains {nt IIM) ee nf itl)i«ilut<‘ nieiihiil, it iiiiii-t lie iniiltiplieil 
further liy the faetor 

I.IWtlxllH) 

|H'r eent tif aleohol )iy vnluine in ilistiliale 

Esters. 11ie .'•tl e I' Ilf iieiitraliMsl ilistillate fnmi the aeiility 
ileterniination are transferreil to a a re«-st(ip|H'n'il silver pressure 
flask, a fi'iv ee nf enhl, nsssitly liniltsl ilistilhsl water Ih'Itij! iihi'iI 
fur iiiisiii); Twentj ee nf ihs'iniiriniii sixla, exaeth iiieaMirisl, 
are then luhlisl. the stiip|K'r is sereweil iliiw'ii, and tlie flask liealed 
fnr twn hniirs nn a steam-liath ,\fter etsiliiift, the ennteiits nf 
llie flask are tiansfernst tn a Is'nker and titrntisl witli deeinnniiul 
aiilpliiine aeiil 

If nn pressiiie flasks ais‘ ai.iilahle, the snhitinn may Is* hnilisl 
IP'iitlt iintler a ri'lliis enntleiiser fnr an liniir 

.-\ ' lilaiik e^|s‘lllllelll IS iniide with the same (|iiaiitil,t nf alkali, 
iis.iii! laiilisl ihslilled water in plain nf the alenhnl Nn nf 
ee V/lll-.\al)ll iisisl up III the litdinhsis lllllllW ..2 itraiiis 
nf ester, ealeiilated ns etlivl acetate, in 11)11 ee nl the (linlillalr. 
This resiilt is then ea)irvssrd in the euslnniiiry Inrm ns nuteil tnr 
till) Milatile aeiil 

Furfural.— A Htniulnnl snlutinn is made up iiintaiiiiiiK I pram 
nf enlnurli<s8 furfural in KKI c.e iil pure spirit nf TiO jkt cent atmiplh, 
and fnini this, iither standanl snlutinns are pn‘|iared eiintainiiig 
01, II01, and 0001 gram rrs]a‘ctivcly nt furfural )irr 1IKI ■ e. of 
similar apinl. 

Ten e e nf the distillate to lie exaininisl ani plais-d in a siiiall 
Nessler tube (2.1 e e ea|iaeit,t). and similar tiila-a are pn>|iared 
enntaining from 0.1 e.e iipwanla nf the atandard OOOl |ier eent. 
furfural solution, the vnlnnu' in each inse lieinp made up to 10 e e. 
with pure SO per i-ent. aieiihnl 

To each tulie is added 0.1 e e of fnsihly pnij ared aniline aeetatn 
(made by mixing equal volumes nf juire nslialillisl aniline, glaeial 
aeetie acid, and water), and the eontenta well mixed. When furfural 
is jueaent a lino pink colour is anon devclo|uil, and at the end of 
flfteen minutee the sample la compared with Uio standards, the 
quantity of furfural present is thus ascertained. 
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Aldehydes.— Por pHtimating thp aI<lph}ilN, a fttanilard 
siiliiUnn o{ nlilcliyilr in nil |ior cent, alcohol, containing (11)1 gram 
of aliicbyilo |icr Ifli) c.c, ia required; thin ia prepami an (IpHcribeil 
Inter on 

Ten 0 c. ol tlio dintillatc under examination are placed in a aniall 
.Vesder tnlic, and in ainiilar tubea 10 c c. each of 00 per cent alcohol 
containing from 05 cc iipvrarda of tlio 001 per cent, atandard 
nldchydo noliition To each tube ia addnl 1 cc of (fayon and 
Scliilfa reagent 

.\fler ahnking, (he tulKm are alloni'd to atand for thirty ininutea, 
when the violet colnurH which develop arc eompared. 

Standard aldehyde eolation.—Thia ia pre]mrefl from purilied 
aldehyde ainmonin, (l)r,Gll(OH)'NH, The reeryatalliaed Mib- 
atanei* ia ground in a mortar with dehydnitial ether acrerni linien, 
Uie elher la-ing decanted off after each grinding, the residin' U 
then driial for alsiiil twenty four hoiira in a desieeator over eoiuen- 
traU-d aiilphuni: arid ‘ I tlKli (iraniH, rorrrs(Hinding with I gram 
of alileliyde. an* weigluHl out into a 1(10 ee llask, and dissolied in 
50 e e of strong ahaihol (IHi ]s-r cent) To the solution nni added 
2d 7 ee of iV/l aleohohu sulphune aeui: this pmapitates (he 
ammonia as sulphate Tlie Mask is now tillial up to tho 100 e e. 
mark with iiinre of the strong ahsiliol, and a fuither 0 S e e of the 
aleoliol is added to eoinpimsate for the volume of the proeipitati'd 
ammonium sulphate After being shaken and nllmied to settle 
for twenty-fmir hours, tho solution is lillensi It contains t giani 
of aldehyde pr 1110 e c, and from it stanihinl solutions ismtaiiiing 
0 1 and 0 (It giam are pre|Mrrd by dilution with .50 |kt rent nieohni. 
'riie O'I |K-r cent solution ran bo iiseil in tho estinintiona instead of 
the 001 JUT cent solution, but ns the quantities required will now 
usually lie tenths of a enhio rentimetro there is Iras accuracy in tho 
measurements 

Oayon and Sehitl’s raagant,—To pcu)iarc this, a 01 ]icr cent. 
lupiisHia solution of fuehain ia made, and 150 c e. of it are added 
to 100 e e. of a saturated aulntion of aodiuni bisulphite Fifteen e e. 
of no pi>r cent sulphiirie acid arc oilded, and the whole matlc np 
to I litre 

The estimation of higher alcohols in spirits.— 

Tho methods used fall ehiefly into three main classes ^ 

In one eloas the alrohola are not separated from tho spirit, but 
are eslimatisl by means of the colour produced through tho action 
of strong sulphurio acid upon them (Girard and Cuniosso; Savalle; 
Uuvemnient Laboratory). 

‘ Componi L. Honqst, dan. Fab^., UlO, (, 109, 
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Tn thi> itoronil vIani, tho highrr alroholH nro oxtractod from tho 
Rpirit l)y inpaiKi i>f milvonts (rarbrni toUarhInriilr, carlmn (1is\il|ihii]n). 
Thpir amount ia then determined by conrenioii into tlin enire- 
HIKinding neids (Allen-Marqnanit), ur into tho nitritea (Beckmann), 
or the oeetotcfl (Bardy) 

In tho third elo!,!!, the higher alcnhiih are alao extracted, ehlnm- 
foriii iH'ing the mdvent, but tho quantity Ih deduced from the 
inereoMe in tho eolume of tho eolvent. (The Ruao proems, different 
niodiHeations of which arc used in France and (iemumy) 

Afler describing the sci'crol methods in detail we will offer a 
tow general remarks upon them, indicating what appear to lie their 
relative merits or disadvantages 

AUen-Marquardt method. The pnneiplc underlying 
this jiiis'css is the evtraction of the higher alcohols with carbon 
tciriichloiiile. and their OMdalion to the i'orres|Hindiiig seids. which 
arc tlii'n estimated by titration The onginni description' has Wn 
mislitiisl slightly by ineinding siiggeslions made by Kchidrowitx,' 
and the metlKsI as now recommended is as follows ‘ 

Two imndnsl e e of the spirit are taken, Ice of strong solution 
of |Hitnssiiini hydnixide is aiideil, and the mixture boilisl for an 
hour under n lellux condenser tn liydnilvse esters The liquid is 
then distilled from a flask fitted for distillation with steam, but tho 
sti iiii IS not imssisl until only about 20 c c of the sample n-main, 
and I hereafter the o|s'ration is so (sindiieted that liy the time 
;|IH) e e of distillate are collected the nsidue m the flask In about 
HI ee 

The distillate is then mixed with saturatixl salt sobitiisi (lU'idiliisl 
slightly with a few dco|is of sulphunc ui id), until it has a aiasiilic 
gravity of I I. It IS now diviiksi into two eijaal jurts, so that 
duplicate determinations may lie made, and i-aeh (lurt is extroetisl 
with 100 ee of piiririisl carbon tetrachloride, using 40, .10, 20, 
and III e.e. sueeessively. 

.Sorno ethyl aleohol is eontained in the telraehlurido extract. 
Tn roinoTC it, tho extract is shaken Arsl with fiO e e of the saturated 
salt Holation, and separated, and then with Oil ee. of saturated 
solution of sodium sulphate to remove remaining ehlorido. 

For tho oxidation of the higher alcohols a mixture of S grams of 
potassium dichromato, 2 grams of strong sulphuric acid, and 
10 c.r. of water is added to tho carbon tetrachloride extract in a 
flask provided with a reflux eondenser, and tho liquid boiled gently 

I Allen's '* CcHnmercial Organic Analyau,'* 1S0B, 1, tt>4. 

• ], Son. Chem. Ind., 190!, U, 818. 

S Allen's " Commereinl Orgsiuc Analysis'' 1009, 1, 188. 
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for at IraHt ciKht hiHin> on a tratcr-lxith. Aftor Uip addition of 
30 of whUt to thr liquid in the Hank, tho contratn arr diatdlrd 
until only alKiut 20 r c. loinain ; thrn this rcsidup in ntram-diatdicd 
an in tha Kmt o|H'ratian until not inuph mnrp than S c p', remains 
wlipn 300 p p of total distillalp have hppn polipptpd Thp distillate 
in then tilrattnl with dpcinorinal liarium hydrosidp solution, shaking 
tlioroughh after rarh addition, until it is nputral to mpthyl-orangp; 
|ilipnnl|ihthalpin is neat added and tlip titration pontinued to the 
nuiitral point Kneli p e of thp Jf/IO-soIntion rpqninnl in tho 
|ilirnol]ihthali'in stage of thp titration re|irmpnLn t)(K)H8 gniiii of 
higlipr alpohols ralpiilnted os amyl aleohol 

The liorium hydroxide uwni in the metliyl-orangp ntagp wan 
foriiiprly ignoiml in the ealoulation. an the oeiditn here nan sii]i|ionpd 
to Im> due to hydniehlorip aeid TIiih, however, a|i|H'arn to he 
iiiijunliiialilp, siupp mere trapes of vliloridps may In- loiinil. uhilst 
the methyl-orange aeidily is about 10 [st irlit of Die total' Tlie 
reeiimiupiidatioii iiiiide by iSphidniwitr. and Kaye in to enipiilale 
the whole of the aridity to amyl aleohol, hut to estiiiinte the eliloi idea 
graiimetripiilly it the iiietliyl-oriinge aeidity mueli exppedn 10 |kt 
pent of the whole, and eorreet the ealeiilutioii <ai’pordingly 

Beckmann's method.--Vs niodiliinl m I<HI.'> from an 
earlier diwription. uhieh hail luvii loiiiid uiinatisfaetory by various 
ohnervera,* this pnavsn is on follows ’ 

The npiiit, after distillation to free it fniiii any eoloiiring or 
pxlroelivp matter, is diluted with water until it eontaiiis not more 
than 20 ja-r rent of aleohol by voluine Fifty e e of this diliitnl 
spirit are Uikeii, and extrortnl nith four aiieecssire quantities of 
earism totroehloride, using 90 pp of thr latter earh time and 
sliaking vigorously for a few sprniids Tlie united carbon tetra- 
ehloride exlraets are washed twice with alsiiit 20 c c of watra, and 
then treahsl iii n sto|ipi‘red flask with 2 grams of potassium hi- 
sulphate and I gram of sixlium nitrite, imudeml together After 
shaking for a few niinntes, the iiiixtiirp is transferred to a separating 
fiiniirl, the trtraeliloride drawn off. and the naidue extracted twice 
with a little more enrhoii tidrnehlondc The whole of the extroeta 
art' nun sliaken with about 20 e o of a saturated solution of sudium 
bwarismate to renioro excess of nitrons arid ; separated; and then 
rarefiilly mixcil with about 76 c o. of strong sulphurio arid previously 
placed ill a separating funnel After bring well sliaken, the mixture 
is run on to about 190 grams of rrushed ice and the resulting solution 

' Hcludiowiti and lOiye, liW6, 31, 183. 

> Solitdrowiti, tbid., SO. 182; IMford and Jcnlu, J. Soc. CAam, 
Xwf.. 1907. 26. 123. 

* ZttltGh. Nakr. Otnunm., I90i^ li. 143-1S2. 
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titrRtc<l with ntaiulard prnnnnKniuil*- miIuIiuh (I in I.nCHI) (n ukIit 
til iililaiii a sharp i‘n(l-|Hiint nti of thi‘ |MTiiiiui|’aiialf, iiliuiit 

20 |XT iriit .. than ih iimhI up slinulil lx- aitilixl. anil thr i-mx'sx 

titratixl Imi'h with stamlanl xulutmn of frmiiis aniiuoniuiu sulpliatr 
Earh cr of thr |X'nnan);unntp siihition iimxI up - (IIHI27H (iraiii 
of anivi ali'iihol 

linlfiml aiiif Jnika' liaM' nioihliixl this p'oixw lust. Ii,a iiiipniM'il 
extrai'tion ami uasiiing, anil Mx'onilly b} I'stiniatinii tin- nitritca 
II iloiiiptnrnlly Thi'v prm'i'ixl as fiilhnis 
(n) - To iXI I'I' Ilf thi‘ spirit, ililutixl to 20 |x‘i ii-iit slnuii'th 
aiiil I iiiitaini'd in a m'luiratnr, 2~> itranix of ilr\ |!iaiiulaT i'nli‘niin 
chliiriilo nn‘ iiilili'il. thr soparatiir liriiift rii'>lixl iiiuli’r tho tup ini'aii- 
uhili- 

(fi) 111!' liijuiil Is thru shnki'n for si-vi-n ininiili's mill tnii 
xum'Hsivi' i|uaiitilii'H of 30 c r of viiiboii U'lrai'hloiiili' 

(r) Till- n'siiltiiifi Hai or of oxtriiot lx mishoil mill two siio 
ooxsiM' ipianlilios. 90 oo oaili, of siituritoil onloiiiin ohloiiilo 
wilution (I) I I) 

(if) 1'ho mixhoil oarlxin toliiii'hlnriilo solution of hiKlior alooholx 
lx Ihon tn'aloil with 2 iininix of |xitassiuui liisul|ilinlo anil I gram of 
•sikIiuiii nitrito (|ximlori'il Ingothor) to lonvort tho ali'ohiils into tlio 
nitrilos Tlio \oxsol iisoil shoulil lio iIin, not tixi Inrgi', anil kopi 
xtoppiToil A small tap{X‘il niiil xIo]i|k-io(1 iii')iniatiiig fiinnol of 
aboul 170 0 0 onjiaoil,\ sonox tho pur|Kisi‘ woll 
(r) -The nitritos, aflor waMliiiig mlh snhition of swhuni lii- 
ourlxinato anil sojxiratiiin of tho lallor. ax in tho original pniooss, 
iiro ilotorniinod b} Dunstaii and l),\moiiil s niothml,* with )iiitaxsmin 
iixlido III iioiil xiilution in absonoo of fnx- oxygon, tho lodino thus 
lilxiratixl bring litratixl with tliiiisulphalo wilution ITio roaotioii 
ix liaxod upon tho following rijuntion - 

2HI |-2H\(I,- 2H,f) 1 2X0 |-1, 

Details of inanipulatian arc givrii in tin- original iiajwr of Dunxtan 
and Dymond, and alxo in Mutton's '' Voluuiotrio Analynix " (]i 2H<I 
of tho 1911 edition), but a mixlifiontion of tho a]i|xiralux ix prrforrril 
by finlfoni and Jrnkx, on account of tho aotion of rarbon tetra¬ 
chloride on the rubber joint 

These authors use an oidinsr)’ |xxir-xhapixl separator funnel of 
about 350 c c capacity and 3j inches diameter, pimided with a 
well-ground stopper and tap. The stein is a bunt 2 in long, ix out 
off obliquely, and passes through a rubber staiijier to a round- 
bottomed flask of about 250 e c ra])acity. The whole is oonveni- 

■ J. Son CJum. tad., 1M7, 28, 123. • Phurm. J., IHSO , Im], U, 741. 



"4M ' AUnnOT, , I!B«. 

cntly hung on a ('otton-wrap|Kil ring on a n-tort aland. Tho lap 
and iU Bucket miiat Im {K'rfccUv clean nntl dry iH-fncu iw, and 
ahoidd be freoly ruvrred with vaM'Uno. 

b'ivo o.e. of a lU per cent aolutiun of |intai«iuni iodiile. 6 c e of 
a 10 per aolntion of aidphurio acid, and 40 ec of water art) 
introduced into tho flaHk, and the tap of the funnel Ixdiig ojien. the 
mixture ia imded ao aa eompletely to exjiel the air fiann the dank. 
When the volume of the hi|uid haH been reduced to about IU i’ c , 
the name ia minored with one hand, the ta|i ia Minultaneoiialr 
eluacd with the other, and then uerewed liriuly into jaiaition with 
both handa If the tap haa been properly dried and gn'aaed at 
tho atari it will remain air-tight, and will move freely when the 
ap|iamtua ia cold, though it may ap)icar to la- jammed whilat 
ciailing ia taking place. 

Tlie carlain tetraehlunde aolution of the iiitritea la jiuavd into 
the cooled llaak through the ae|innitor, care la-iiig liiKen that no 
air ia adiuittial, and then III) e e of alcohol (oidiii.ari reetiliial sjiiiil) 
are alau run in The nitrilea are quiuititntiiely <lmini|)uaeil, 
uaiially alter vigoroua ahaking for n few ininulea, though it la 
deairable to allow tho llaak to atand for about an hour la-fore uetiial 
titration, and to keep it under ubacrvalion fur auiue hoiira longer 
The lila-rated iodine ia titiated with deeinurmal tliioaiilphute 
aolutinii, which u run from a burette into the aepui-ator, and 
grailindly drawn into the llaak by ineana of the tii]i Aa mkhi aa 
the iialim' ia diH'oloriaial any exeeaa of thiuaulphale remiiniing in 
the aciiarator is n-tiirncd to the burette, or nion- accurately, it 
may be litratisl aeparatide with atandard iodine aolutioh to aais-rtaiii 
ita amount Kroiii the vnliinie of tbiuaulphatc uaeii up. the qiiiiiitity 
of nitroua acid ia calculated from the equation given, and tlieiiee 
tho equivah-nl aniuiiiit of amyl or other nitrite is obtained 
Tliia metluKl gave tho authoni very good rcaultii when tealisi 
upon known quantitiea of the individual higher aleoliola - amyl, 
a-butyl, iaobntyl, and a-propyl The quantitiea found weif gener¬ 
ally witiun about 5 per ismt of the ainounta addeil. With iaiqnopyl 
aleahol, however, only about TO |ier cent, of tlio addisl quantity 
was shown in tho rvaults When aaniples of eoinmc-rciai qiirita 
were examined the results ubtaiued, aa would bo exiiected, were 
generally higher than those given by the AUen-hlaiquaidt proeess^ 
and sometimes consideisbly higher. The anthore look u{>un the 
diderenco as a measure pf the “ intermediate " higher eieohols 
Govemmeat Laboratory method.— Une gram of 
a standard mixture of higher alcohols (see bdow) is dissolved in 
lUO c.c. of puce 5U per cent, alcohol, and from this a standaid 
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■olution in pn'parcd roiitnining 01 gnini of tlii' liiglirr alrulioln in 
100 cc. 

To Fniiinate (he jirojKirtioii of liiglier alvolinln in u wtnijilr. 10 r.c 
of (ho dintilinto, olitainnl an olrt'ndy dwrilicd, are piami in a aniall 
flank of aljoiit Tfl re rajiaeity, and in nimilar llunkn are placed 
quantitien 10 e e. each of 50 per cent, alcohol eontaining from 0 5 e e 
upwardn of (he ntanilard 01 {mt rent noliilion To lluw liipiidn 
in added 0 See of a 1 per cent, nolution of furfural in I'neh eane, 
and then 10 e e of eoneentrated nulphnrie arid are niunly run in no 
that the arid fornin a layer at the Ixittoin of (he flank Kaeh llnak in 
placed in an ire-eold iiater-lMth and (ho eontentn ntirml liy shaking 
gently during thirty wrondn. after nineh it in alhnied to ntaiid for 
ahout an hour at (he onlinary teiniMTatiirr of (he nioin In the 
preneiice of an ajipieeialile quantity of higlier alioholn, a nnldinh- 
Molel colour drvrlo|M, and the ]ini)nir(ion of lliene aleoliola in the 
sample ean Ik' in.tininted by eoinpariHOii aitli the ntaiidardn 

The standanl mixture of higher nluilioln used for eoiiqiarinoii, 
and III terniH of nhieh the renultn of thin te^t are exiirenMil, 
eontaiiin 


I'lupyl uh'iiiiii] 1 jmrt. 

tsoirtityl r IMlrts 

•tiiiyl :t .. 

('a|tiyl „ 1 jiiirL 


This inixtun is some appioxiination to the axeragr eoinpoeition of 
the "fusel oil" aleoholn of jait-still spirits as detiTiniiied by a 
immlier of ex]n'iiinrnts made in the (ioveriiment (.alHimtory 

In exis-ptional eones il niny la- neccnnaiy to remove the esters 
and aldchyden la-forc aiqilying this procenn. but an a rule the 
colorations obtaiiusi uith eonunereial npiiits are very niniilar in 
tint to tliosc given by the standanl iiiixtiire, and uith careful 
manipulation and aimilar conditions of working, eoui]iarabIe iisiultn 
can bo obtained withont mnrh difliculty. 

All the results are Anally ealculated to inilligraniH per Kkl e e 
of absolnle alcohol in the sample. 

Girard and Cimiaase's method. - Aldehydes und 
furfural ore first eliminated from the spirit to be tested, as they 
are not without! effect upon the colour produced witli snliflinric 
acid by the higher alcohols. 

For (his purpose, 50 c.c of the sinrit at a strength of 60 yier cent 
ore placed in a flask of about 260 c.c. epntent, and mixed with 
1 gram iff citba metaidienylcnediamine hydrochlnnde, nr of 
aniline ydiosphate (equal volumes of aniline ami phnsjiboric arid 
of ap. gr. 1'463). After addition of a few small pieces of inimicc- 
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rtnnr to n-KiiUriiic the eliullitinn. the aleohi)! in hoiliil gently for 
nil hiiiir iiniler ii n'lliix eonileiiner, itnil then iliHtilleil oil ratlier 
rapKlIy, mill iin eoinpleteU an in |iraetienl)le uilhout ninning rink 
of ehniring the nniilne The lubi‘ eonneeting Hank anil eoiiileniier 
iliiriiig the ilistilintion nliimld la* of relatively large iliaineter, and 
the hiiib leading froin the flaak ahuulil lie ahnrt, in onler to give 
the inininnini ndlnx effeet 

The volume of the dietillate ia ninile up exaetly to oO e c, niixeil, 
and to e e am plnei-d in a elean llnnk Into thia, 10 e e of |iun-, 
eoloiirli'aa Hiil|ihiine aeiil (inoiiolivilmti’il) are lun from a pi|a'tte 
down the aide of the llaak ao na not to itiatiirb the aleoliol np|ina'inbK 
Tlie llaak in then taken in a tiita' liolilei and agitated liriakly nhilat 
holding It in tlie lliinie ot a giaal lliiiiai'ii biinier tiirni'il full on 
When ehullitiiin inniiiieiiem, uliieli aliniild oeeiir at the end of 
liftci'ii Hminih, the flask ia removed, iiimti'iI uitli a aniiill anteh- 
glaaa, and allinrial to eool 

The eoloiir pnxiiieeil la then euiii|ain'd in a eoloriiiieter mill that 
given III atniulanla eoiitnining kiiomi i|unntitieH of iaoliutyl aleoliol. 
tn'oted in the same iiai (In the nliai-iiee of o auitnlile euloriiiieter 
the roin|iariaona may, of eoiirai-. be niiiile in aiiiiill “ Xi-aaler " 
tubes) 

The depths of eoloiir produel'll an- not exaith pniportioiiul to 
the amounts of higher aleohola present, ao that I'oiiipiirianna should 
be made nitli atanilania not dilTeriiig too iiiueli fnnii the sample 
In prai'liee, a eiirve is eonaliiietisl for uai-. ahon ing the n'ol eontent 
of higher uksihola isim'a(ioniling with tlio apjiarent eontent given 
by emii|uinaon with the atnnilard when the latter differs from the 
sample this obiiatea the iieiTsaity for dilutions anil the rorn-- 
a|Kiiiiling ealeiilations, and lea<s'us tho number ol atanilania reiiuited. 

Saglier makes the pnieesa more sensitive for low pro|ivrtiuns of 
higher aleohols by adding 2(1 dni]is ot mon- of a (11 ]H'r cent, 
solution of furfural (in ,10 per lent aleoliol) to both sample and 
standard bi'fiiro the treatment with anlphunn ai-iil This 
intensities the eulouis produeed. and as both sample and 
standard are treated alike, no eiTor is eiiused 

Itoeques has intnidiieed some modifications into the method to 
render it more sensitive and more pieciae He distils 100 e c. of 
tho ,10 per cent aleoliol, after ri'lluxing with 2 grams of meta- 
phenylenediamine hydrochloride, to a bulk of 75 e e, and works 
with tho spirit at this higlier strength, namely, 06 7 per eent. instead 
of 50 per eent Also the mixed avid and alcohol, instead of being 
heated in a Bunsen burner, are heated in a liath of ealeium ehlorida 
(00 per cent solution) to 120° for an hour. 
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** Tfible for conTtTliiig aiiiwmit tmiti'iit of liighiT iilt'ohulH iiitii 
real ronfoiil, when Dio ntaiiilanl iisnl is (lOfitiT gi',iiu uf iMilnilU 
oIcoIidI in IfX) CO n( otiiil aloolml nl (Mi7 (lor oont. olioiiglli;— 
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The Rose process.- 'niin ihoDuhI is not umiI III tliii 
cinintry, but in oflicial in fVnnoo, |iartii'ii1ail\ na u imHiiiu-out 
pm-oiluro preliminary (u the application of Dio loiigor and more 
evicting itardy niothiMl, doacrdiod later on it doja'iida upon the 
ini rouse of \ulumo pniducod in a given ipuintity of cliloroforiii, vlion 
Dio alcohol in question ih sliukcn with the cliloniforiii under atricUy 
dolined conditions t'alvct* gives the fnlloning iiiiKlilicatlon as 
iisisl 111 Kranoo 

Such .1 i(uantity of the sample is t.ikin ns will aolitaiii exactly 
Itm 0 c of almoliite alcohol, and this is dilutnl to exactly 4t)0 e.e. 
at 1.7'' Fifty e e. of i liloroform at 1.7“ me miMSunsI into a “ Rom' 
tiilH‘" (This IS a vessi.l of 7IK> ee (a|incity, Die uiqsT jmtt ol 
which rcwinbhsi a issir-shaiasl si‘i«iialor. and the lower jinrt is a 
b'llb of 4!) ec ciiiuicity. joined to the iijijier juirt by a nairow. 
gradiiatisl stem ) The dilutcsl alcohol is added to the chlomfonii. 
followed by 3 e e of sulphurie acid (I) -1 'SSI)). After Issiig jihnssl 
in a water-bath kept at 15“ for halt an hour, Dio tuba is sliaken 
vigoniusly for five minutes in a ims'hnnical shaker, and again placed 
in the bath When the ehluniforni has all eolleetisl together its 
voliimo Is read oR on the graduated stem, and the increase uoieil 

Under these cimditions, pure alcohol givia an incivnso of 0’45 
to 0 50 ec. in the ehloroforni layer. WiUi 1 per cent of amyl 
alcohol the im'reoae is 1II c c, or a net value of 1 4 e c. on deducting 
0 5 for the “ blank ” experiment. One jicr cent, of isohutyl alcohol 
gives a net incrcaae of 0 6 c c, and 1 per cent, of propyl alisdiol 
gives 0 26 e.e. net increnso; these homologuea arc counted as 
amyl alcohol unless it is known that one or other of them is the 
chief alcohol present. 

Bardy'a method.*— The principle of this process is the 
extraction of the amyl and butyl alcohols with carbon disulphide 
from the sample (saturated wdtb salt), their removal wiDi sulphoric 
acid from the carbon disulphide, and their ulDmatc conversion into 

> *' Alcobob,” p. >7. * Cem/it rmi, lSt2,114 12Vl. 
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thf) acfbilrs, (lio volunir of uhicli is nirnmiri'd The propyl alrohol 
M (Intcrininnl liy oxidation willi iH>lashiiiin iK-rnionKanali' iitidiT 
pitMcribixI ronditiona 

(1) .—Mix 1(K) CO of tho alrohol in a stoppered sriiarator with 
49U cv of saturahxl salt solution, and alsiut 50 re of uatrr to 
prevent tho soil rryslallising out Add (ill-TO cc of pure rnrhon 
disulphide 

(2) - Sludin tigorously for 1 itiinuir, liswen the stopper a 
moment to c<|ualisu tho pressure, then sliake ngain for fire minutes 

(3) . - Kuii off the earlmn disulphide into u 300 c e separator, 
taking can* to avoid the entranec of any of the oipieous liquid, 

(4) Make tno further extraetiona in the same nny. adding 
the rnriHin itiHulpiiide extrnrls to that in the .300 r r si'piiiiitor. 
Ail the amyl and butyl ulrohols iiro thus nunoved lletnin the 
saline liquid for the propyl alrohol deteiiiiinatioii (sis- Ih'Iom). 

(5) —(Shake the niixisl ratboii disulphide estraets nith enough 
snlphiirie acid (I) = 1 345) to allou’ of the and eullertiiig iit the 
liottoiii of the siquirutor after shaking (about 2 3ee suflire) Tnirl 
the separntor a* little to assist settling, and let stand till the and 
has soparatisl 

(0) —Draw olT the arid into a 125 re lliisk. Wash the eailion 
disulphide tuieu uith 1 re of siilphune and earli time, and add 
the washings to tho first quantity of and in the llask 

(7) - Kxiiel any eorbun disulpliide from the and exliart liv 
Iiassing a current of iiir on to the siirfan', unriiiing, if iirressary, to 
about tiO''. 

(3) -Now odd enough erystalliscd siKiiuni aix'tate to (Usoinpose 
nearly all the sulphuric acid (I 5 grams fur enrli 1 ec of and will 
suAiev), lit the llask with an air-rondenscr I metre long, and heat 
the llask on the water-bath during half an hour 

(0). -After cooling, add to the cuiiteiits of the llask KXI r e of 
salt solution, and then remove the whole to a separator of 3(XI r c. 
capacity, the lower part of uhieh is drawn out and graduated into 
tenths of a c c 

(1(1).--Allow the liquid to rest fur some hours, then draw off the 
salt solution so os to bnng the amyl aiul butyl acetates into the 
graduated stem. I'lacc the mslrumcnt in water at 15°, and when 
the temperature is constant read off the volume of the acetates. 
Tho number of c e. multiplied by U 8, gives the quantity of amyl 
and butyl alcohols (together) m IIX) e c. of the s|Urit taken. 

(11).—To determine the propyl alcohol, take the extracted liquid 
retained at (4), and filter it through moistened paper to remove 
any carbon disulphide. Then distil it until the strength of the 
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(iMtilliilc hIiuwh so |kt ('i‘ut Ilf ali-iihol (ill IS") At thin |Hiiiil all 
tlir ali'uhula liarv iianMil iivar 

Kill a hurrttc aith <lu‘ dialillatii, anil niii mil tlif ali'iiliol iln))i liy 
drop into u Iwakw laintaiiiinj' SO c.c of m'iiIit mid I 0 c i- iif KMnO, 
wiliitiiin (I 0 )piiiii |N>r litre) until a mipiuT nil linKi- la iilitainnl 
aiiililar to a Hlandanl tint Tin- liittar is |!iri-ii liy 20 r c of {iii'liainr 
aoliitiiiii (0 1 I'riiin piT litre) niixetl uitli ,‘I0 re. of K,('rll| anlutiun 
(tIS gram jut litri'l, mill made up to ISO re aitli natiT. 

I'niler tlieM' i'iiiiiIiIiiiiih, the htanilani lint is girrii b\ a)ipnixi- 
mately 2 S e r of iitliil nicoliiil at SO [ht isailt atreiigtli riiiitiiiiiiiig 
1 |a‘r rent of prep,\l alroliol; nhciire tlir iKTi'riilagr of pn)]i\l 
alriiliol III tlio .sample is ilisluccil 

If the hiiinjile riiiitaina so iniirli fusid oil as to give a iliatinet laier 
of Mi|K'iiiataiil oil n Ill'll lUO ee are 'liakeii nitli SINt re of Mill 
Miliitiiiii. the loliime of this liiier is ri'iiil otT in a suitable lessi'l, 
anil the leinaiiiiler of the liipiul la then e.\tiiiileil with earhon 
iliMilpliiilo na ilrM'ribtsI above 

Komarowihy- Kelleoberg method.- Ah a tin ana of iletertiiig 
isoaiiiil nieoliol in spirita. A koinonia.slty in lilOS pioposed 
lieiitnient of the Mimple with aalirjlie iililebyile anil aid 
pliiirie arid' When to 10 e e ot the apirit are ailileil 25 to 
SO iliops III II 1 jaT rent alriiliolic Milutioii of aiiliryUr aldehyile and 
20. e of ationg snipliune and, the niivtiiie deielopa ii rolour uliirli 
Is II I'lisli by rellisiti-d light and yellim hv trunainittisl light if 
isoiiniil alroliol la prraeut to an extent not greater than 001 ]a'r 
eeiit tilth larger i|uantilieH of iMiain}l oirohol, the isiluur apja-ora 
gainet-nsl, however viewisl 

T ion Kellinherg' atatea that the nsl rolour ahima a yellim- 
Ilnon'M'eiini, which la'eomcs grcati'r aa the amount of aalievhe le 
agent la ineieaM'il. if, hoivevi'r, the mixtiin' in ililutisl with 1)2 |a>r 
lent sulphuric arid, tho 3 elIoiir tliion'Menee iliaapia-ara anil a pure 
nsl la ohtaineil He ajipliisi the teat to the rolorimelrie ileterinina- 
tion of the higher alrnhola of cognac in the follimiiig manner. 
Ten r e of the hydrolyoi'd iliatillate, diluted to a atrength of 30 per 
cent Ilf alenhul by volume, are treated with 1 e.r of a 1 per ismt 
alroholic aolulion of aalicylic aldehyde, and tlien carefully mixeil 
with 20 r e of atrong aulphutic arid. After the lajiae of forty-liie 
minutea tiie mixture ia diluted with SO c e of 02 per rent auiidiurie 
acid The colour obtained in then compared with thuae pnidueeil 
in Btanilard mixturea treated in tho some manner 

Other Bubataneea than the alcohob of fuaek ml give the red colour, 
aa, for example, aromatic alcohola, phenob, and all e(im]Kmnib 
> C'Acia. Zcu., IM3, C7. • /Init., 1010, U. 701. 
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vhiflh (xintain an ethyirnn grnnp in thrir mnloriilp It ia not given, 
hoavviT, by (Xilyhydiiu alvohola, nr by alrohola and phennla nm~ 
taimng a carboxyl gconp. 

General remarks upon the determination of 
higher alcohols.— None of the methods for cntimating higher 
alonhola givca rraulta which am strictly and scientifically accurate. 
Tliat is to say, none determint'S the exact r|tiantity of each aepamte 
iiicnhul - or oven of tlie total alcohols with certainty 

In the roiurimctnc processes, for example, the rcsnlls arc obtained 
in terms cither of a single constitnent (isobiilyl or amyl alcohol) 
or of a standard mixture flinco the highc*r alcohols seccraUy 
prodneo different intensities of colour with snlphunc acid, it follows 
that the resulta in cither caan are of the natum of an approximation 
This ohjeetion applies, however, with less force when a mixture of 
higher alcohols is taken for the standard than when a single alcnhol 
is maxi ns the criterion. 

Kurthcmiore, some doubts hate imen thrown upon the tmsl- 
worlhiness of the staiidani atcohnla themsidveh namely, as to 
whether the higher aleoliols, if alsailiitely pure, do m fact yield 
eolorations with sulphiirie acid It has Ux'ii suggested that the 
colorations obtained may really Isi due to associateil anil diiliciiltly- 
leniovable impuritira such ns Icrpencs Definite ]>rixil of this, 
liou'cver, is not forthcoming 

tin the whole, prriin|is the most pnx'ise metluKl iin' the deterniiiia- 
tioii of higher aleoliols in spirits is the Diijiro Mari|iiiii'dt process ns 
improved by Allen, iSehidniwitr., and otliers, and now generally 
known as tlie *'Allen-Miiniuanlt " iiietlusl. It is, howeter, soiiie- 
what lengthy and tmnhiesoinc, and, inonxiver, it cannot elaiiii to 
Ik' seimtiticnlly accurate in the sense delinixl above, since no 
detemiiiinlion id the separate aleoliols is obtained All are 
oxpixwsed ill terms of amyl alrohol Further, them is at tlic outset 
the objection that if secondary alcohols such as isojirojiyi nicobol 
or socoiulory butyl aieohul nn‘ present they aru not, in throry, 
liropcriy taken aeeuiint of. Isopropyl alixihol on oxidation is 
converted into oeotonc, and would not be shown at all in the result. 
tSeconifairy butyl alcoliol, if oxidised beyond thv ketone stage, yields 
eventually two molecules of acetic acid for oach molecule of the 
alcohol, and thin would give an unduly high lesnlt. True, if both 
these alcohols occur together the errors tend to neutralise each other, 
but them is yet a further objection. It haa been shown by direct 
experiment upon known quantitiee of the individual higher alcohols 
that whilst good resulta ate obtainable in the caae of amyl alcohol, 
the butyl and propyl alcohols are much undereatimated by the. 
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proTfue Thill) Ihilfunl and Jenkn,* in tMlinf; llio Allen -Man|nanlt 
process, olitained nisults of which Ihi' fnlluwinp is a siiiuinary :~ 


Almliit], 

Fuund, 
P»rccnt«g» 
of quantity 
IMOTCti. 

Amyl 

t)3U)U0 

ft lluCvl 

W .. 

70 


211., fl2 

» Pmpyi 

13 ., 

31 


A part of the losses was found to Is- due to the fact tlial when the 
enriHiii tetraehlonde extrael of the higher nieohuls is wnslied with 
solution of wsliuiii eliloride and hihIiiiiu siil|ihiite in order to fn-o 
it from etiixl nieohol. some |Hiition of the inlerniediatc nleoiioln is 
n'lmned at the same tune This, iiidnsi, is only whut nould lio 
e\|H'itisl If luiiyl nieohol wero jiraelienlly the only higher alrohul 
presi'iil. the Mien Man|uanU piss'eilim' wouldKirecxerllentTesiilta, 
Moeh the same leiiiarks n)i|J\ to the liecltninnu niethisl as to 
thu Allen Miii<iuanlt |iroeess, ill ro.siHvl of the loss in washing and 
the e\)irossion of the ri'siilts in terms of one unit 
The iieiiiesi np|uisieli in prineiple to an neeurate uiethial of 
.iiialysH IS th.il due to linidv, iiiasiniich as the projiyi alisihol is 
deteiiiiinnl si'|Miatelv. and it would lie jsissilile to estimate the 
n's|s tile |iro|sirlioii>, of amyl and liutjl iilisihols. if these wen* the 
only others pn-senl, liy eonYorting Iheni into the eorn'S|Hiniling 
niiM'd ai ids and finding the (smiliiinng weight The jinss'ss ap|H'iirs, 
howeier. to Ih> deiisnl for the isitiniotioii id larger i|uanlities of 
higher aleoliols than are usually prosent in (sitalilo s|)irils, and it 
is iindeiiialily lengthy and troiihlenmne 
As n-gaids the Rosi: priKS'SS, it sulfera in principle from the fai I 
that the vanous aleoliols pnxiuee dilfen'nl iiniouiits of inerease in 
the volume of tho ehluniform, one part of iiiiiyl alcohol Is'ing ispiisa- 
lout to nearly six ports of propyl alcohol in this respect It requires 
very careful attention to details of tcmperaturo and luanipiihilioii 
Aeeonling to W L Dudley,' tho results are much higher than those 
obtained by the Allen-Marquanlt iirocess. though a markoil 
relationship is observable between the results given by the two 
methods. This author gives an account of tho piecautions necessary 
in using the Rose process, ffe eonsidiirs the AUon-Man(iiardt 
mcthoil tile better, as it is more rapid, has fewer sourees of error, 
and gives the amyl alcohol content more apeuretely. 

Whilst in finglish-apeaking eountries the Allcn-Marquardt 

‘ J. Sac. Chtm. lad., 1IIG7, H, 123. 

■ J. Amr. Ohm. Sac., IMS, W, 1271. 
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mrlliiKl liiM Im'otnr the nUiulanl pror<w. it lian not lirrn adoptrd 
' nniverenlly On tlio Continent, enlorimctrie and other inrthndn 
are UHcd, and they offer ho inueh Haring of time that they aill 
pniliably nmiain long in favour, eajN-eially aa data baaed on them 
have been aeeumulated ahieh MTve aa atandards—mt. for examiile, 
m the analyuH of brandt Kenee it haa bei-n neecaaary to desenhe 
the chief of thew> at wnne length 'Ilien* la all the more reaunn for 
thiH ainee the Allen-,Marquardt pmeeaa, aa already ahoan, ia ojam 
to eritieiam in aonie rcH|H‘eta, even though it may be aeeepted aa 
on the whole the nean-at appnmeh to a aatiafaetury nietluKl The 
eoloriinetrie pnaawea, honevi'r, ahoiild be uaed mill diaeretion. 
and the n-aiilta ahoiild not be reganhal aa atrietly eom]inrable mth 
thoae given by the Allen Mnn|uanlt pnaraa A nnmher of eom- 
|>amtire iignrea olitained by thia iinHeHa and by eoloriiiietiie 
methials have been publiahed, aoiiin of nhieh ahou ndalively 
enorinona diffemiees in the reaulta, the oilorimetrie viiliiea being 
generally the higher Wilhoiit inqiiiring into the probable eaiiai's 
of theae larger diaenqinneieH, it may la- n'lnnrked Hull the eoloii- 
nietrie melhiHl aa uaed in the (bnernnient raiboriitori baa bia'ii 
found to give fair approxiinaliolia to thoae obtained on the aaiiie 
aaniplea by the Allen .Mnn|unidl pmeesa, and in only a fraetion of 
the time mpiiivd for the latter (aia* the ligiires giien ladoa) 
I’i'olNilily thia la due to the taeta that ill the (iinenimenl l,alioriilory 
pmeeaa, unlike aoine other niiHlilieationa of the eolorimetiK inetlKHl. 
the aelioii of the aiilphiirie aeid la effivtial in the eold, and the 
atandard of refcmiuv ia a iiiixliire of higher aleohola. not a aiiigle 
alcohol 

Where a huge nunilirr of aaniplea hare to be exniiiined. the 
analyat will pmlmhly Knd it advantagiHaia to uae one of tho eolori* 
'metric procraaea in the first Inatniiee, employing the Allen- 
Manioardt method for eonfirniatory pur|)oaea or for H]Ka'ial aainjiles 
it deairrd Whemver nweaaary. the metluxl of eatiniation should 
he atuted in giving the results For brandy, if the French data 
an to be uaed fur compariaon, the proceaa due to Girard and 
Cainiaaae ia obvionaly desirable, eitliiw with isobutyl alcohol oa 
standard, or with amyl alcohol, and the resnlta calculated in terms 
of isobutyl aleohol 

The kind of agreement which may be expectnl between results 
obtained by three of the chief methods will bo seen from the 
following tabic.' 


^ Aiipentlix Q, Uoyal Coramwion on Whisky. 
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HKjIIRK ALI'UllOU*, FAIINATEU IIV IMFFLHkSr UKrHDhA, 
(Piirli |iiT 111 I,mill III aliiuliili' iiU'iilin).! 
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.m » 

'J4i‘> 

aiu» 

iTHT 


.Hi.11 
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II is acnwii ii<>M»sitr\ to ma (lull wry rliiw agivciiirnl is mil 
til 111! I'SpiH’lpil in viinv iif llm nilmiltml iliftii'iillirs atti'ililini’ kiicIi 
iii‘ti '1 nniiutinns 


]l l<|{\N'l)V 

“llramly” is u imliilili' »|iirit ilistillm] fniin fiTiiii-ntisl (nn)io 

liiii'i' 

Hritisli lininiiy ” is ii niiii|Kiuiiilril H|iint |in’|inn'<l liv a m'iitioi 

..n[siiiiii1(T liy n'-ilMilIiiiK iliitv )iniil sjiirits, iiiuili- fniiii Kniiii, 

iiilh iliiviiitriiiit initn'ilicnts; nr li\ aililiiift itnriiiirintt nintnrials tii 
Hiiili s|iirit4 

TIu'W is nil stutiitiiry iHiiiilinn iif cillii’r iif lhi‘ bImim* (itiiih. 
Th' 'mill '■ liniiiil) " HUS iimsI in iilil Ai'ls of l*nilitiiiii-nl In ili'iiuli' 
spiiils iililninml fmiii irniils "Whi'mis unisl iiml nhnirsnnir 
liriinilii's, mim rilir, aiul sjiirils inii' Iif ilmvii iiiiil iiisilc Irnni iniillisl 
corn," cU' (i William amt Mary, i II, IfilKI) ami a ili-liiiilinn nf 
“ British iiramly " ns a llaviiur«l spinl »as (tivcn in llii' Spirits 
All as lati' ns IHW); lint Ihis has sinw Inrn n-iMMilisl' 

Till- Krtnch naini* for wlinl is knimn as Iiramly in this niiiiitiy 
is ■ i‘nucli‘-vii',” blit this ti-rin iimsl nlniii' has a snnii-nhnt. aide 
sifpiiKratiim in Franco. licin|{ loKiilly applioalilo tn spirit niado 
from grape marcs, cidor, jicrry, chornos, plums, and oilier fruit, 
as mill ns to that from wine More strictly, “ brandy ” as under¬ 
stood in this country com-spoiids with “eau-do-vio do viii," or 
wine spirit proper. 

The most esteemed brandiisi are produeed in the (.'ognac distriet. 
“ Cognac,” as the dcscriptiim of a spirit, is not espressly defined 
in the French law, but tbe name “eau-de-vie de Cognac,” or 
“ Cognac ” simply, can only bo applied legally to spirits made in 
the Cognac region from the juice of grajics grown thcrem. Tliis 
region comprises part of the two departments of CStarcnle and 

• For this, and the conlext, mu Report. Royal Coniniiiisioii on Whisky, 

p.2«. 



424 


AlOOHOL 


CHIP. 


Oharonto InfrriourR. an<l it locally gubdividcd into tho Gronilc or 
'Fine (lliampagnc, tin- Petite Champagne, the Borderies, and tho 
Buia, aecnriling to llio quality oi the wine prwlucrd. Tho soil is 
mainly caloatenus: the grape grown is small in size and white in 
colour; and the wine is of inferior quality for drinking purposes. 

Cognac brandy is made both by the professional distiller and by 
the farmer who grows his own gm{ios A simple pot-still is generally 
used, and there am two distillations, giving respectively “ brmiillu,’’ 
corrospunding with tho “ low wines " of the whisky distiller, and 
“ hontu ehavfff,” equivalent to the “ spirits " In some distilleries, 
however, tho brandy is produced at one continuons distillation, 
the stills being designated “ <1 premier jet ” 

The wines iisoil for “ Cognac ” contain fiom 10 to 20 per cent 
of pnxif spirit, and the pmdiiet is run fnnii the stills at a strength 
of about 2.'5 over prisif llie brandy is sweeteneil with cane-sugar, 
and slightly eoloiired, tho object of eolouring being merely to keep 
a given brand up to a given level of colour 
Next to “ Cognac ’’ in onler of eommercial merit come tho brandies 
made in the Armagiiae, ineluding the Msrmande district A 
certain amount of brandy is made in tho Nantes disfrict; and largo 
quantities in the Midi, in the Ifeiault, (lard, Aiido, and Pyrenes 
Oiiontales districts, these brandies being commonly known as 
tho “Trois.Six de Montpellier” Fur distilling wines with an 
undesirable llavour, “ eontinuous ” stills are used, giving such higher 
degree of rectilieation ns may hr requinsi to eliminate the unwanted 
llavour 

“ Marc brandies ” (" eau-de-vie do mare ”) are spirits drnvcd 
from tlie distillation of the skins of fresh gruiK-a from which tho 
greater ]mrt of the juice has been extraeted 
Hraiidy of goml quality is also produred in Algeria and in Spain. 
Kgyptian brandies are distilled in Alexandria from grapes grown in 
Itoiimelia, parts of (ireeco, Cyprus, and Asia Minor. Some so-cidlod 
“ " brandies arc nut distilled in %ypt, but are said to 

be probably mailo from currants grown in Greece. 

Tlio quantity of brandy retamed for home consumption in the 
ITnitod Kingdom during tho year 1913-14 amounted to 1,644,163 
proof gallons. 

Brandy is not now included in the British I’harniacopoeia, but 
in the 1398 edition of that work it was defined as a spirituous liquid 
distilled from wine and matured by age, and containing not less 
than 38 5 per cent of alcohol by weight, or 43'6 per cent, by volume. 

As diatilleil, brandy is colourless; but as sold is coloured, either 
by direct addition of colouring matter to ensure unifonnity for 
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Hpccial brandii, aa already indicated, or by exlraetiim of eolourini: 
matters from the storage casks The total amount of solids ranges 
from about 0'2 to 0 A per cent in general, but qnanlilira of more 
than 1 per cent are often met nitb, and oerasionally even ns nineh 
as 3 pec rent. The nleobolic stnsigth of brandy when sold in this 
country must nut be lower than 26° under proof, nnh»is with notice 
to the purchaser ‘ 

Ordonncnii, and also Clnudon and Morin, hate iiivrsligaird the 
higher alcohols of brandy, ond give the romposiliuu n.s follows 

(iBiKhm 
(Inleiincsu. still Monn 
IVr cent IVr cciil 

l’ni]i}l nliinliol . IMI 117 

\tiniisl tulyl olculiol in 1 113 s 

liutbulyl „ 1.7 0 0 

•tliivl „ 314 21.7 

The characteristic llannir of braiiih is ronsidcn'd to Is- duo to 
o'lianthic ester, of which Onlonneau found 4 grams m 11)0 litres of 
the alcohols obtainnl from a Cognac, brandy twriilv-fisc years old. 
The other esters discuvenid were cthil acetate, IW grams, and )iro- 
pionic, butync, and cnpruic esters, together niiioiiiiting to 3 grams 

Much discussion arose sonic years ago upon the pro]K>rtion of 
esters which genuine brandy should oontaiii A niinimiini 
" stnndard " of Ad isirts, calculated as ethyl acetate, iht 11)0,t)0t) 
of akohol was advocated, and thera is no dmilit that must genuine 
hrandu's do contain this pnijsirtuin, and more lint then' is also 
no doubt, first, that occasional samples of genuine brandy may fall 
below this limit in resjHst of estms; and, aecoiidly, that the 
adoption of such a standanl based on a uiininium proportion of 
esters alone would not affiml iirntcction against frniiil, since, on 
the one hand, brandies of higher ester content could be diliitisl 
down with “ silent'' spirit, and, on the other, esters could lio 
added to factitious brandies to ensure the pifsence of the requisite 
quantity 

It is ill every way better, in drawing cunelusionb from tlie results 
of analysis, to consider, not the iirojioriiun of esters alone, but 
the whole of the ''secondary constituents," and especially the 
higher alcohols. 

Girard and Cuniasae state that the sum of Uio secondary con¬ 
stituents, which they term the “ coeBicient of impurity," is rarely 
lower than 300 in genuine ala^ol from wipe 

M Iiusson (Municipal Laboratory, La Koehclle) considers that 

* Ameiidad duniig 1916 to 36° under pntol for cortsin aross, under tlie 
Defooos ot the Bealm Ant. 
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Oir Hiim in qiicMtiim it never Inwer Ihnn 340 in piiro eau-tk-vie ; and 
u Hint in ntax-ik-rif ilr Cogme free from neutral apirit the sum of 
the eslen and (he liifrher aleohola in alwa.iH nliovt; 300 The name 
aiillior remarkt that the aiim of the aeidity jtlm aldehyden lies 
norinnlly Ix-tuirn It) and 3li |H-r eeiit of the total seeAindary eoii- 
stiliioiila in rnu r ilf-vir The loaer iiiinilHT apiihiti In newer H|iiritH, 
the higher to |inMhieta forty years old, hnt without beini; exnrtlv 
))roisirliuiial to age 

M llori|iies lias shown tliat fni well-iiinde eiiH-ik-vie derm pnqMrrd 
in the (kignae distriet the ratio of the higher alenhols to the esters 
a])|iroxiiiinles to unity 

(In Kreiieh praetiee, it shoiihl he nmiemhereil. the higher aleohols 
lire doleriliined eolnnnielrienlly and expressed in terms of an isohutyl 
slandnnl The eoloiir pHshieed hy amyl alenhul is less than that 
given hy isohiilyl alcohol in the jiroportioii of 3 ; 5. lienee results 
obtained with nn niiiyl nieohol standard require to lie deereasisl 
ill the same pro[sirlioii for eom)>nrisoii with the Pri'iidi ligiin's) 

It the esters in a sample nl liiaildv lull snlistantiiilly below NO, 
mid nl the snilie time the total seeoiiihiry produets are sulistuiitiidly 
heliiw IHH) when the higher aleohols are iletermiiied neeording to 
the h'l'etieh pnietiee with isolnitvl ahsiliol ns stiiiiihird, the interenee 
IS that the sample (smtnins an admixture of iieiilrid spirit An 
approximate ide,i of the minimum umoinit ot siieli admixture 
may he ohlaiiied hy eideiilatiiig from the foregoing niimiH'is taken 
ns stauilai'ds, ullowanee heiiig made for the eorres|Kmding (|iiaiitities 
of pnaliiets pix'seiit ni ax'einge speuimens of neutral spirit 
The unnixsis of braiiily is earned out hy the methods already 
deserihed for the examination of eominereiiil spirits 
The following iiiinlyses of lirondies and of neutral spirit (rifroofs 
d'miluKliif) are gixeii hy liiranl and Cuiiiassi' 


1 I'txi X-IO VIK lie KNOWN UKIOIN, XnAI.XSRD IS ISUS 



SaiiiloiiKO 

Kaiiiluiigi* 

1)'a\uiih 

Hr (k' K3 

40 yraw 


IHOO 

IftOO. 

lH9<i 

169(1 

nlil 

IVrHily nt !•'»' 

U 0107 

0H047 

0 0011 

oftooa 

— 

by vnl 

000 

Oft 2 

66 5 

700 

40 ft 

K\lnu‘t,pi'r lOUc c 

- 

Nil 

Nil 

Nil 

018 

Sewndary eonitituenti- 
.ViUitv . . 105*7 

17 7 

21*0 

17 1 

146 7 


27*fl 

23 9 

47 

33 0 

31 4 

K\irfiiriU 

2 3 

2 6 

1 3 

3 1 

07 


U7 0 ‘ 

619 

103 4 

133 4 

12.5*5 

HikIwY MltSlIlDU 

139 ft 

259 6 

100 5 

2196 

203 5 


_ . 

. 


— — 

1 1 — 

Tntnh 

462 7 

365*7 

411*8 

306 3 

607*8 


1 ** liAnatj/ac dc* AleooU** tSttU, p. 287 tl 
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Till* “ M‘«‘on(Ury foiwtituonts ’* aro ox|inwu‘fl rk luirtn piT 
of ali'H)iiilo alrolml 


li K4 Ii\ l>l Ml (II!, VIN OP KNfm<« ORlIJlS 



ri»/«‘s 


ItoitHirni* 

Ift lo 20 


1H74 

1K<M 

IHIIO 

V»‘ttrv. 

111 1ft' 

0 lift 

;i oooi.ft 

0*II022 


.MtMhoj. Iiy v(»l . 

37 0 

04 ft 

(Ml 0 

ftO 0 

Kvtrncl. pr lOO 




0 2 

Secondary eonstitnenU 

V kMv Joi 0 

100 1 

2>l 0 

111 H 

Al<l«0iy<lt •< 

\U 0 

32 1 

11 ft 

30 0 

I'uiFtiml 

0 4 

OH 

1 J 

1 0 

KhIi'H 

Ml 1 

no 1 

101 3 

1*17 1 

lli|;1i«‘l li1«*ulinl>. 

2ftl 0 

1‘JI 7 

200 0 

244 0 

TolnN 

ft'HI ft 

404 3 

403 0 

-.21 (1 

111 

I'OdNACH 

OP NOnMAIi ('inflNHinON 


n«ii-itv Mt I’l 

noni 

OOftHft OIMIft OHltO OhlOM 

Mliiliot, l>\ \mI 

■M ft 

*»' fto 2 

SO 0 

mi 0 

i,]ii'r lOOr <• 

1 Jl 

1 111 2 22 

0 Ol 

0.01 


Secondiry umitilueoti 


At lOitv 

UO 0 

2100 

MR 2 

110 

10 7 

\M'hMlf4 

21 ft 

10 2 

30 0 

13 ft 

11 ft 

Kill'* Till 

1 II 

0 I 

1 2 

0 2 


Kntfn 

133 2 

'lift 

mo 

1IN2 

201 0 

Hiulu'r iili‘i)liiiU 

IIIH3 

loo 0 

ni 7 

1(1117 

H7 0 

TtiUlM 

. t7ft a 

42H ft 

400 0 

ft:i2 0 

300 H 


I Sir, lint ilnrt iiol nKf'i* 

mill Ihi' 

(It'iimlv 



IV CoUMRKriAL roONAr«l, URKWKO TO IIK MIKTHREH OP Al/'OHOI. IlKIIITpIl 
PKOX WIWB WITR *'IWnOITRIAti” Af^OIIOf. ("HITiBMT” RPOIIT). 

l)ni<i(vnMS« .. 0 0372 0U433 0 0172 0 0300 0 OIOK 

Alcohdl, liv ^ ol . .10 0 40.1 40 ft 4K ft 4N ft 

Kxtni(t.fM>rl0Orr OUftft 1700 0 ftOH 0 04ft 0 iWft 


Secondary oouUtaenti - - 


Aridity 

.>17 0 

Oil 

92 1 

24 7 

24 7 

Aldrhyilm . . . 

192 

24 5 

23 4 

10 0 

211 

Fiirfuml 

00 

10 

1 ft 

1 0 

10 


flflft 

71 1 

60-5 

0.5 3 

01 0 

lliglirr elriihoU 

000 

04 4 

K 6'8 

09(1 

93 8 

Totnh . . . 

203 5 

283 1 

270-0 

lflO -4 

302 2 


V Ai 4 :oou o'lNoiniraiK. 



Densitv at 1 S‘ . . 

0 ftl 04 

. O-fUI-ftH 

0'8145 

UM 104 

0 0140 

Alcohol, by vol. 

94-3 

030 

•36 

95 0 

•50 

ztraot.por 100 c.e. 

0012 

0-000 

O-OOff 

0-010 

— 
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laconlu; coutitunti 


Aoirlity . . 

2 5 

07 

5 1 

2.5 

20 

AI<lohy<}cH . 

11» 

- 

13 7 

04 

01 

Kurfurol 


.. 


.. 


K^tore 

130 

12*3 

22 1 

37 

30 

Ifigher 

Trfux*. 

TracA. 

Tra«*. 

02 

20 

□ ‘ TbtiilH 

17-4 

>80 

40 9 

11’8 

91 


The fullowinK nre luinlywe by the Lanixt ComniiMiion on Brandy 
(November, 1904) 


Stoondarr eomUtnenti - - . I’ubhr hmw 



Tlirrr ftinr Twu Star,. One Stni 

(1) 

7 (2) 

Aridity . . 

77 3 

05 7 

05-0 

79 4 

150'6 

Aklrliydi'H 

12 0 

12 2 

100 

74 

55 

{fiiH’iirni 

1 7 

20 

34 

05 

04 

KsNtrrd 

IlOO 

103 4 

07 1 

32 t 

7! 7 

fhglu'r Hlrulioh 

. 120 0 

urn 5 

K03 

49 U 

5K7 

TdtHlH . . 

322 2 

202 4 

254 8 

lOHK 

288 0 

Of the public 

»1H)U90 “ 

brundios," 

No 1 wa.5 

conflideml 

to lie 


ilavourvd grain apirit, and No 2 u grain spirit mixed nitb aoine 
null 

Helow are a few exainplea of brandy exainineil at the (ioverii- 
ment iaiboratory and found to ronlain adinixtiiiva of iieiitrnl 
apirit 

Seoaidujr sonatiliunla: 



(1) 

(2) 

(3) 

(M 

(5) 


Arubty 

41 5 

3K5 

20 3 

2.» 7 

.51 t 

5 3 

Aldrliydrh 

10 5 

84 

15>3 

13 0 

17 2 

0 8 

Fiirfunil 

3.1 

0 5 

0 8 

05 

1 9 

Nil 

Kiitm 

52 4 

43*7 

035 

.55 5 

49 8 

52 5 

Highrr aIihiImiIs , 

58.5 

34 9 

27 1 

102 5 

38 3 

451 

TntalH 

185 4 

1200 * 

133'1 

198 3 

1.58 5 

104 8 


lit - (IlN 

din ia a potable apirit flavoured with the volatile producta of 
juniper berries, and often with those of other aromatic herbs as 
well. It may be either sweetened or unsweetened. The spirit 
employed is usually patent-still spirit made from cereals, of which 
maixe, malt, and rye are the chief. 

'^Typically, gin ia grain spirit which has been rectified once or 
twice by the gin manufaetnrer, and then flavoured by actual 
distillation.with tiie junipbr-berries and othw aromatics, if any of 
these are used. Hence one definition of gin which has been proposed 
is that the uticie is a spirit distilled from grain, doubly rectified. 



n SFIKItDetn flmRAOES Hi; 

uid thni Bavonicd by distillatuin witli juiii|HT l>rrrin oiid othn 
hrriM Smnctimei!. himeviT. tlir flavinirinfm niv npiwratoly dUtillnl 



Fiu. 40 ■ sTuM-MCurreD xriu. 

Used Cm UiB miiiurictura of stn (Blair, Camplwlt A Mrtean, UlHifuw) 


with a fimaU quantity of alccdiat, and Uin produrt added aftcrwaids 
to the rectiBed apirit. . 

By Bome it ia iHmaidercd tiiat the rectilioation ahouid not^bc so 
effective as to eliminate ail the “ ^n ” flavour of the sprit; but 
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it Bn'iiiH rather iloiilitfiil wlirthor any ]ialatu rxrept a H|H'ei.illy> 
trained one noiild Ih! likely tu appreeiate tliis flavour in the preBeneo 
■ of tho pronounced eharacter of juni|irr oil and some of the other 
nroniatirB employed. 

Onhnary initunt hIiII Hpint flavoured with eHnential ods and not 
HnliHei|uently rectified w often wild as gin. though ohjeetioii has 
his'ii taken to thiH pmetiee li\ nhut may lie called the ortli(Klo.\ 
gin nianufaetim'rs 

The chief flavouiingH iimkI other than jnni|H'r iiieliide angelien, 
ahnonda, ealaniiiB, eanlainonia, laiihia, coriander, fennel, grains of 
liaradiHc, liquoriee. orria. and tur]M'ntine Thia last in wild to lio 
lined oeeanionally as a Hulwtltute for the jumper It may In' 
uieiitioned that a toriner jiraetiee nan to grind the jiiiii|H‘r lierriea 
with till- iiiidt. HO flint they fornusi a jiart ol the iiiiihIi during 
ferinentntioii and aen‘ dintillisl wilh it 

Makers of gin have lludr oun sjHvial ieei|H'H. and tlie varioiiH 
kindn pnahiced have dilTereneen of llu\oiir aceoninigly 'rims in 
thu Went of Kiighiiid a fiiroiirite make is " I’lMiioiith ' gin. the 
jiarticular llavoiir of iihieh in wild to la- due to the pn'senee of a 
little ether pnahnssl liy adding a nniall quantity of nulphiirie arid 
to the spirit bi'fore nrtifieatiun The nnisiteiied varieties of gin, 
e. g, " f)ld Tom," an* made hy nuxiiig sugar syrup or ' (.ijiillaiie " 
mth jiluin gin 

Diiteli gin ih knonii an (ieneva, llollandn, and iSehnii|qis The 
liaiiie " tieneva" in thin eonneetion is prohahly denied, not tioni 
any assoeiation nith the Kviihs city, but from the Dutch iioid 
" jeiiever," ineaniiig jiiiiqMT (ieiieva is made from a imxcsl mash 
of niultisl barley, rye, and ninixe in more or less eijual projiurtioiis, 
the feriiienteil nanh bring distilled in a jiot-ntill to form " mold a me ' 
or “ iiinitwine," ahieh in subsisjurntly nsitified ami flavuurcsl. The 
nialtiiine in luiule chietly in Seliuslani, and sold to the giii-niakriH. 
aim rectify and flavour it 

K J I’arrj jMunts out* that in thu analysis of gin then* is not 
much line in detenninuig tho " wcondary constituents" of the 
spirit Except fur the sliglit " gram " eharacter which in naid to 
be desirable, gin is essentially “ neutral" alcohol tu ahieli the 
ehuraetrristic flavourings are addtd, and it differs in this rrspert 
from brandy, whisky, and lum. The amount of liavourmg is a 
matter of individual preference. Even tiio kind of flavounng, as 
adl as the amount, u left to the judgment of the maker, subject, 
of course, to the condition that tho essential cliaractcr of the tiavuur 
should be that imparted by juniper. 

‘ '* and Drugo*'* VuL (, p. 308. 
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I’lirry n'lnarkrt that it an (vtiui't of tin* )!iii lir iiiiiilf. iiinmalini! 
aa in tha Allan Maiiiiiaiilt niatlaal Init iihiiif; tlia li^liti'a! ]K'tiuU'um 
eUiar oktainalila, inatrail of I'arlam Irlrui'lilondc. Ilia tasla of tlia 
raanlua lafl nlian tlia v>l\anl la alloivail to a\niH)iata aill alloid 
cimsnlaralila nifiirination aa to tlia nailin' of tlia ai-i-antial oil ]in'sanl. 
If half a litn' of tlia gin 1 k' ao tiaiitad. at laast 0 o gram ol Ilia oil 
aim iiaiially ha olitiiiiiad, and this sufliaas for dataniiiniiig tha 
n'fiaativa indax -on tha /aias lint> roiiiatar for nistaiiaa In tan 
aiithaiitia Miiii|ilas axannnad. Ilia lafiai liva nidax mis naiar lialov 
147oll (at 211') and nas iisnalli alioiit I 4T7II Uilli liii]H'iilina, 
lha \alna maild fall to I 472-7 oi loiiir 
(ini iiHually aontiiins fniin 3S to oil |N'I aaiit of iilaohol li\ rohinia. 
or (Hi !i to 87 5 par iviit of pioof spirit In this ■oiintri, lha lagal 
niniiniiiin of alaoholia stiangih, in iioiiiial Innas, is ll.'i iiiidar iinaif 
(11-1 |aT aant of piiaif spirit). aiidiigiHHlipialiU gin mil iipproMiiiala 
to SO |iar aani piiaif almiglli In sm-atanad gin. Ilia aiigiir iiiai 
rangafniin 1 toiipirianl or so. Inil ishmiiiIIi alioiit 2lo4 pariani 


1\ KIM 

This liavaiiiga has liaaii dalinad as ' a spirit dislillail diraat from 
siigai-aaiii |iHKhiats in siiiriii iiina gnimng loiintiias,' and lha 
Ri Mil riiiiiiiiission on Wliiski. ala , (oiisidaiad lliiil lliia dalinilion 
'* fiiitli ri'piisanls tha iiatiira of tha spin! iiliiah a piirihasar aoiild 
axpist. Ill olitani ntiaii ha asks foi iiiin 

liuiii Is a spirit vihiih aoiiliiins ,i soinauli.it high pnipoitioii 
nl volatila amis, and o»as its aliariialaristia tiavoiir niiiinly lo a 
iiiixtiira of astars, ahial iiinoiig hIiiiIi aia athyl liiityrala. loriiilila, 
and aaalata Fraa foniiia aaid is also )irasaiil. and Ilia llaMiiir 
ia no doiilit alTis'tisI lu soma axtani In this and lha otiiar aaida 
11ia nun impoitad mio (in'iit Kiilaiii lomaa ihiatly from liriliHli 
(iuiaiia and lha British West Indian IslandH, smallar (jiiiintitiaH 
liaing ohtainad from tha Fmiah WasI Indian, lJutah UiiiiiiiB, and 
othar c'Oiintncs. 

There an* two dintmat tyiK'n, one rapivaantisl liv Jamaiaa mm 
and tha othar hy Dcmariira inni Tha tint ty|K- in Iho raniill nt 
slow farmentation, huting from tan to twalva ilayn, of wasli prv])arad 
at a relatively high npts'iflii gravity- -natnaly, 1078 to 1 0!Ht. Tha 
neeond in tha produal of a rapiil farinaiitatioii, nhiali iants for 
thirty-nix to forty-eight hours, of nash 'net" at a low npaaitie 
gravity—about 1 060 • 

To the Jamaica or nlow-fermcntation t}|iv haloiig the ruiiin 
prepared m Grenada, St. Vmcent, Antigua, Uomuiica, SI. Kittn- 







r 


NeviM, ami vcHain gmlca of Rarbmlos and 8t. Lucia rumH. Other 
varicticH of liarhaduH and St. Lucia rum, and idoo Trinidad nun, 
arn of the Ocincrara or quick-fcrniridation ty]ic Murtini(iuc and 
(!uadclout>o ruina apfa-ar to ho chictly of thn elon-fermentation 
kind. 

Jamaica loun.- In Jamaica, the mntcrialii uaed in thn 
waah am (1) muloaaca; (2) akimmmKB which accunmlatn during 
the purification ot the augar, and arc allowed to “ aour " during 
aloragu; and (3) " diinder,'’ viz , the nuidue remaining in the atill 
aitor thn diatillalion of tlie rum Thw ingredicntH with water 
form thu wnaU, whicli ia fermented, and then dUtilled in a |iot-still. 

Thn slow ferineiitatioii allows of the derclopiiicnl of hacteriol 



Pin 41 --corcKii nCM srirt. 

Wlthiliiiil>li*rcl<ir(‘t,imlniiu1«>nM<r. minmnulv iiwl In .lamali d timl W't¥f Intlirn 
(DUr, CamiiMI ,1, Mt Unn OUatnn). 


action, in addition to the aleoholiv fennentation produced by the 
yearta. and thia appears to be an essential feature of the manufacture 
of Jamaica rum This is esjmeially the case in tho production of 
liuTourod " or “ German ’’ rum, which, as a result of special 
fermentation, rontaiiis a higher proportion of esters and other 
secondary products than are found in the ordinary drinking variety 
or “ common clean" rum. The “ flavoured ” rum is largely 
rX|H)rted to Germany, where it ia used for mixing with neutral 
spirit in tho making of imitation rum. It may contain upwards 
of 2,000 parts of esters per 100,000 of atcohid. There is, however, 
no hard and fast line betn een this and Uie mm ordinarily used for 
drinking; the two desses overlap as regards chemical composition, 
strength, and davour. 









i" smmroTO ekveragbs ' 

Demerara rum.— in British (■nmun, tlm nnsh nix'd for 
the makini; of iK'inerara riiin w ]in>])arrd hj dilutiii)! niolaKoi'M nitli 
water to a a|M'('ilic gniMt) of about 1 (MHI It la lenden'd riightl^v 
aeui by the mldition ii{ a lillh.' aulphunr arid, in iiunnlit\ stiflieient 
to art ftve more or hua of the roinbinrd nrganie aeids, lint not eiioiiKh 
to leave any free !<iil|>liiirie acid in the nash The reiiMtn for mukiii); 
the wash arid ia to Kiiard afiainat eMessive iiroiiuifution of butyrie 
and lactic acid orcaniHiua, and to render it more Mutable for aelive 
aleoliulie fermentation A little ainmouium auljihatc in Mimetiinei, 
added to w'rve aa ycaat ioial Thus in nim of the Denieiara tyjK' 



Fiij t2.- sriix ion iiinLOr name 

mUt nliirt, irttillrr aod i iMitHiorr Ar (uDwimlv In tbt* r«>i niiibiMR ruin 

and (ithpr4trnii|!>(idri(Kfiilalr,ra>n|tti<plI A Mil4*aii, <ila*Rv«). 

there is a rapid fermentation, due almost sololy to ye.iat action, 
end the bacterial organisms are not allowed time to develop appreri- 
ably. Both pot-stills (or “ vat "-stills, a modified form of pot-still) 
and continuous rectifying stills are used in distUlmg Demerara 
rum. The proportion of serondary ronstituents in this spirit in 
usually very much less than in the Jamaica product 
W. CoUingaood Williams’ gives analyses of a number of authentic 
samples of Jamaica rum, the results being summarised below The 
higher alcohols were determined by the AUen-Marquardt method, 
• J. Soc. Chtm. fniL, 1907, H, 4W. 
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Km« |lt toi (he ali'illiol himI siilltls, till I Ilf lliriltt s III! I \|)l< Hti <1 III I III' ll'tlllll 

unit'* gmiiH |M'r hM> liinx nl nliolml 


Jn tiu' follouini; (sihlc. <lu‘ uiiaUM's nf a few inili\idiml sani}i1rK 
<.f tlu* iiliovr oKiiiiarv or romnioii itniii " .lanmn.i nini uiv ^ivrii 
ns r(‘i;ni(h tlio *«iToiiiliti\ roiistitiioiiN nml uNi •mmiio aiiuKM's nt 
•Inmuira iiini l»y otliri olisorxoiH 
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111 Junmirn ruin llii* nn\ni*ar1y aIua,>H muro than tlir 
higlier nlcohoki aa dctormuied by th<* A11on~Manj[unrdl jifochsm, 
and naually very inuvh more 

Ai rt*Knrtl» Ihnnerara rum. Pntf J B. Harriaun. the olTiciul 
analyst, rv])orti'd m 19(4 that “ a rum yielding 79 to 80 parta of 
ostora (pi»r lOO.tKIO of nlcuhol) mny be comtidered ns a chameteristic 
nun of the tyjK* known ecmimert'ially as Demeiara rum ” Ho 
gives tho folloning figures -> 

> OffirtftI thizrttr, Di'iiM'rnni. Oot ItUh. IftOi KMmcl Nu. 2,OS3. 
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„ KimmiuiImi 

II Bi'rimi' 
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\«oru^'M \hIui‘k. 


Kxlopi Vi»l. Held 
.)I7 :!o:» 

79 A 331) 

7j*H 37 m 

14 9 IH 4 

Ii9 9 33 1 


\V rollineufMHl \\ il|i,uii'> uiM's tiiMfolloHiiiL' luiiihsi's 1)1 niiiirrnrn 
riiiii 


*Mllll|l|i> 

Tot 111 111 III, 
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Thus It uill Ih* sirn IhiU tho IhMUcriiiik I vpr iil ruin noliihh 

from till' Jannix a xaiicl v, ninl luorv jmrtirulnrl) in its low nrojiorfion 
of ostoi'* 

Ana]\>M>s ol .Maitiniipio nnn «in‘ giwn l),> Homs.' iih IdIIowk 
T he first four won* vousNh'nil to be of nupeiior (|iiii]it,v, tin* next 
two of »\irsig(‘ jiraile, anil the last thus* ot low qiialitv 
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1.1 

113 

0 1 
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The IixihI ueuln ran^Hl from ()37 to tMi.'i |iei mit, exii^pl in the 
first samjile, which showed 2 2 ]nt cent It will he not<s] tliat in 
these exaniplcK the projKirtion of higher ali ohoh* ih UHiially gn*ater 
than that nf tliv eflten 

As regards other varieties of rum, J. Sanurt-ns* gives analyiieH of 
a ruiinlier of autheniiratM namples, ami also the rcHtillH obtain**!! 
from Hix samples of artificial" rum. The muxinmin and mininiiiin 
figures art* summarised in the following talAe 


' ^NA FaUif.f 19 o 0 , 12 , 521 . 


* Jhtd, 1013 , I, 48 H. 
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Tho quality «f nun is l’(■nl■rull,\ coiiMdoicd to doiMMid luif;cl\ 
U|inii lliR pfitprii, ))iit till- otiii'i M'('oiid.iry t'oiiitiliK'iitu arc idMi 
iinjinrlaiit, cHitcciany tlic aciiU Accordiii)' to Williiiinu, llic 
]>ru|Kirlioii nt cutcn is not an nloioliitc inciisiirc ol quidity , but, 
(tcucrally iipt'akin):. tlic hi)'licr-|irici'd ruins contiiin lii)!lici ]iro- 
liurtiunu III CHtciH A lii);li |iro|iorti<iii of iddclijdcs is considered 
by the siinie writer to have ii deleterious illeel n|ion tlie lluvour, 
nullifyinK'in noino degren the inllueins- of the esteis 

To detect foniiir .seid in ruin, the snin|ile should be innde sliuhlly 
alkaline with wxliuin liyilro\ide Hohition iiiul e\iqiorutisl to near 
dryneus Thu n'sidiie i,s then dissoliisl in water, trniisleirisl to a' 
Husk, ucidilieil with (ihosiiliorio neid, and distilhsi tin tiMiiig the 
distillate with ummoniaeal solution of siUer nitiats-, or with inen'iiric 
chloride uolntion. nsliietioii is obtiiinisl if forinie and was jinssi'nt 
III the rum To distinguish between the free and the conibined 
acid, the sample should Iw carefully iirutrnlisisl, the esters distilksl 
oil and hydrolysed, and the two ixirtions cvnpoi'utisl and treated 
as alnite deseriked 

11. Fincke' has found that Jamaica rum contains 0 (X)33 to U OUoO 
gram of free formic acid per 100 e e , and 0 0033 to 0 OOM gram of 
the arid hi the form of esters That is, there are appruxiiiiatcly 
equal quantities in the two forms In artificial rums, he found 
the conesponding quantities to be:-Free, 0 0027 to 0 0200; 
combined, traces to 0 004M It is suggested that this difference 
may bo an aid in distinguishing between genuine Jamaica rum and 
artificial rum 

Inutation rtun •or " Artificial mm " is inode on the 
Continent, phiefly in Germany, and to a small extent in this country 
* Znt4ck, aVoAr. Umwam., 19t3t S5i Mi 
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for rxportation jiurpiiwK 'rho Cnnlnm!) authorili(>ii (liMtinguiHh 
botwtfii “ nim." ram from Jaiimioa,'' niul " imitation nim 
and 1 ‘ntrira of iiniHirtnl a|Mritii an “ nun ” arc not iiri'r)itcil if tlir 
apirit pomra from )NirtH in coiintrii-H uhcn^ llir aiipiir-pano ia not 
gionii, uiilcw antinfaptory ovidciu-c of its Iini iiiK Ih-pii maiiiifHctiirod 
in a rano-KniuinK country m pnaliii'iHl 
tiiiitation rum may not lio lilondi'd in Imnd nitii m'liiiinp nun for 
IioniP runKnm]itifln, Init ia allonod to lie to nnxnl for rxiKirlatioii 
Tlir imitation rum ia made by linvounii); and colouring patent- 
atiil nciitrui apirit. ))r(Hliicpd from groin, lH‘ct, nr potiitraoi, with 
aitilii'iid cssimi'i's " Mavnured’’ tlninnicii rum uitli Iiigh eater 
I'onlent ia also eniploted to give wniie little lei'iajinililudn to tile 
mutation pniilnet. An euaenee miieli lined is |ire|Uirrd by diatilling 
II niivlnie of nt.n'eli, nliailiol. mid enide acetic and mtli iiiiiiiganeRO 
dioMile .nut nnl|iliiirie iieid Tile iliatillnle laintaina formie mid 
aeelii enlern uitli iileoliol, fiee adds, mid probably otlier ]iroiliieta 
of till' oMiliition , it is I oloiircd uitii emmnei if napiinxl, mid mim'd 
liilll silent spirit in tile desinal pro|airtiini 
Tile lollounit; miiilisea of f.ictitiuiia mill siippliial to tlie West 
■tfrieaii t'oloiiiea ueii' iii.ide in the fioieniiiieiit l,abiirator\ 
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V- WHISKY 

Sfinie yi'an r^o there miirh diRtuohion iff the r|iieHti(in, 
‘•What ifl tthiakv ' " and a good deal of evidenec iiaa taken lui 
the point liefori' a Knyal fommioaion, nhieh ioaued ita report in 
the year liNW * Une rantention wua that whisky tnuls bo distilled 
in a pot-still, ainee tliia was thu original method of distiJlatiun and 
at one time all whisky was made by this pmceos Moreover, the 
secondarj' eonstituentr, which diitereutiato whisky from " neutral'' 
or “ silent ” .spirit, are largely eliminated by the |iatent-stiU .Against 
this it was srgued tlmt historieaily the mtent-still repreaents an 
evolution from the primitive pot-still, snu had lung lus-n uoisl for 
the manufaeluie of what has been recognised both by the trade and 
> Bepoit, Cd. 47IM. 
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Ihn public- hh vchiskv; that in irrtain iliatrivlH ]iatont-alill spirit 
^ by itm-lf ih liciufcht unci solcl ns u'liwky ; and that a kir);c pr(i|Hirticin 
cif (III- aliiMki of C'OiiimiTC'i' ia, in fart, a hh'iicl of jait- and pati'nt- 
Hlill spiiil Otbi-r cpiratioiia also arose- in rugard to the adiniaaible 
iiintiTialN , whc-thc-r. for i-xaiiipli-. ■Sc-oti-h wliiaky ought to be mado 
i-iitin-t\ fntiii limit, Hhi-thi-r maiai- la luliiiisiiibb- and ahc-tlii-r 
H|iirit diHtilk-d fioiii |KitatiH-s i-ould pro|H-rl) In- n-Kardc-d an uhink} 
'I'bi- ('oiniiiinMon nas unable to rc-c-oinini-nd that the use- of the 



Kic. ta ' sn cM-ioKill n i-orsini. 

\tllh ri'Uirf. ii'idHi r himI (HKitr. ('•miplirll A Mi I •‘■tii, IiIkiikiim) 


«oni ” nhisk\ " nlioiild In- n-atneti-d to spiiit niamifni-liired bi the 
init-ntdl prni-ra-i Tbi-y give their n-asonn ns followa 
“ The I'viih-ni-e ahieli we n-c-eivi-d nhoas that Kiieh [patent-still| 
apirits have In-en fn-qiieiitU denenin-d an ‘ whisky ' by distillera 
and tradern niiiee the tmtentmtill eniiie into uw-. and that for many 
yi-am a neetion ot the public, lairtieiilarli in jiartn of Seotland and 
In-land, Inis ii-c-ognined |iatrnt-ntUI spirit without ailniivtiin- iiiidiT 
the name of uhinkx, and ban piirelianed it an wliinky. no attempt 
bi'ing made liy dintillera or vendon to conceal the methixi of distilla- 
tiun. Moreover, apiril produced in the patent-still, as we have 
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Mhowit. Iiiih li'nj! Ihn'u rinploMHl for lileiidin^ wUli or nluKkii'ii 

of ililTi*n*nt 4‘liarm t(T niul diMillt'tl iii (lifTrrrnt fornw of Htdl This 
Ini'* Im'cii hy ffip it^ iiM‘, Hiul inohl nl tin* whnkv now sold* 

in tin* rnitod Kin}(4h»tii <on(iiiu> in ^jioakT or h*8- (hyn-r sjiiril 
vthic'h lins Ikm*!! oMaiiiril In |»atrui still <listillation 
“ Akuiii a|Hul fioiii l)ic fact that pttt Htills dillrr mi nnirli that a, 
coinpu'lionsivo ih'liiiitioii wouhl he fliltK'nlt to fiann* without i‘ithi'r 
oxrludniis ciitain l^pi’s of s|ill ahirh uro now l•ollmlonly rt'jjardi'd 
as pot stills, or iia ludini; othor t\|Ms t\hi( h air not now haiktsl u|N)n 
as h'i;itiiuato \ariations of Iho pot Mill, tiu'io ai*c stioii^ ohputions 
to ham}K‘riMi{ tin* di'\rlopim‘nt of an iiidustis In MiTootypniK 
paitMiilar forms of ap|Mir.itus 

rinalK, wf hj\o lonaMsI no rxidriin* to Miow that tin* loriii ot 
Mill has nn\ iicrrssjm lolnlioii to tlu whoh'soiiirti(‘M« of tin* spirit 
pifidiicrd 

Vs nir.inls tin* ni.'iKTials. it apprniod to Iho t'ominisMoii thiit 
whisk\ .Is a (omiiinri.d piodml is ropiithsl hoth In’ tho iiinmi- 
l.ii tuiors and hv thi' piihiic as a spnil niado tioin no nthor tnaloriiils 
than malt and iiiiiiultrd ^’r.un . and H is as a mattoi of fuH mi 
inado at tin* )iii‘s(‘nl time 

Tlu* uiairial loiulusion aiinod .it was (hat wlnsk,> is a “spiiit 
olit.iimsi In distillation 1iom a mash of «('ical grains saoihatitiod 
• tin* diastaso of laalt , that Snitih whlsk\ is whnky ns ahovn 
d« lined, liistilled in Seotland . and that lush wliisky is whiskx. as 
alNiM* delined distilled in Ireland 
An interestuii; outliiu' of tlu* histor) nianufadiiit', and teehnieai 
treatment of whHk> is ^iM*n In tin I'onimission in their report 
which should he I'oiiMiilled for fuller details than ean In* jtnen heie 
Soiin* of the chief |Niiiits, howoer, uie iiuludiM in the deseiiplioii 
given Ix'low 

History. Tin* eail,\ history of whisky is wimewdiai nmxTtiiiii 
The object of the original inannfnidunTs of alcohol wna in all 
piohahihtv to piodiiei* a stiniiilant only Mciiee the ahuholie 
Inpiid which tinn ohtained was iiaimxl. aeeoiding to the hingiiagc 
of the different eoiintrK*H in wliieh it was inaniifuitumrl, " arjiiu 
vita',” '' cau (Id vie," * uiMjue-beatha," ' iisijuchaugh,” etc, all 
meaning the same thing, namely, " water of life ** 

Rut in course o^ time the advaiuv of civiliaation demanded a 
apeeiall) flavoun’d spiiit rathiT than a men* stiiiiitlaiil and it is 
only natural that the iiiiimifaeturerh m diffeteiii (oiiiitnes, staitiiig 
as they would generally with diflvteAl maleiialH, ahould have 
produred spirits of special fla\oiirH or iesN peculiar to the 
country or distrud of origin. In the grap(*-grow mg uountnes, 
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spirit wjiH produfwl fnnn wiiip; in the northpm pnuDtrips, whpie 
thn vinn is not Inrfpily pultivatpil, spirit was produced (rom 
pain. 

Thn date at wliirh “ a()ns vitvt" was first made in the British 
[sins is unrortain, Imt in Scotland the manufanturo o^ spirits was 
a aubjopt for IppHlatton as parly as thn aiztronth century. Works 
on “ distillation," published in the spventornth rrntnry, show that 
the luplhnd nf distillation in iiso at that period was not psspntially 
diffptvnt fniin that practispd in thi' jsit still distillcrips of Scotland 
at tlip present tiinn 

liatracts from atutiitps hppiii to show that " aqua vit.n " «as not 
thn pxclusirp product of maltisl liaricy, tint that other substances, 
such as iininiiltisl pain, wcn< also used in tlip early days of distilla¬ 
tion in Si'otlanil The KiiKlisli statutes )ioint to the same coiielii 
aioii In the year IHtl2aii Ai't of Parliament was]uiss(sl, pn'siimabh 
owinK to fear of scarcity diiriiip the eoiitiniiaiiep nf the Napoleonic 
wars, PYprpssIr prohiliilini; the distillation of spirits from any kind 
of pain 

' The term " nliisky " is not used in any of these statutes, aiirl it 
does not sisun to hare Ihs-ii eiiiploved until the latter |iart of the 
eighteenth isuitury At that time, it wiis undoubledly ayiioiiymoiis 
in Scotland iiith “ ni|iia vitip " It is interesting to note that Kobert 
Rums applies to the aanie siilijisd the tliiee tiTiiis ‘‘aipia vita'," 
" usipiebae," and ‘‘ whisky " 

Materials. Coming to more leeeiit times, there aie exeiso 
reisirds fnini the year 1H27 onwarila, nliieh show that in Sisitland, 
ill the years IH27 !). when )s>t-stills alone were used, the quantity 
nf spirits mode from mixed mall and gram was only a little less 
than thp quantity made from malt only But it biTume much less 
in siihseipieni years, so far as the jait-stills were coneiTiied A 
small quantity of siig<ir and molassps was also employed, aluint the 
middle of the last century ; but since then, with the exception of 
one year (lfW7), the Scotch imt-still distdleries ap^irar to have used 
only malt, or malt and pain, the quantity mado from malt only 
lu'ing always larply in cxeess of that mode from the mixture of 
malt and unmalted grain In reemt years wherever the pot-atUI 
lirocess has been exclusively employed, molt only lias bci-n used, 
and practieally no materials other than malt' and unmaltcd grain 
have been ustsi in either |mt- or jiatent-stills. 

A hirp majority of the Irish jiot-atills have always pnidueeil 
apiril from a mixed mash ol malt and unmaltcd pain. ilie quantity 
made by them from molt only has always been small in comparison. 
No other materials than molt and unmalted groin have been used 
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to any Rivat pxtont in the Irish pot-sliUa, or incinsi in the )inlen(- 
stills, (Iiirini; the Inst fifty years 

The unmaltiHl jrraiii eniployeil in inaking whisky iiu-liiiles Isirley, 
maize, oats, rye, and wheat For the nianiiraetnn' of )ail-i,till 
whisky in Srotinnd, liarlcy malt is generalU the only' material 
employed in the mash . but in the Irish pot-atill distilleries, with 
few exeeptions a mixture of barley-inalt ami iinmaltisl tiiirley. oats, 
wheat, and rye is employed, maize Immiik ip'oerally evliidtsl The 
]iruporlioiis \iiiy. with the \iew of otitaimiii; jinrlienlar tluMiiirs 
in the n'siiltiiii! uhisky , hut it iiia\ Is' taken that ueiieialK foiir- 
fifths of the whole inish eoiisists of turley. maltni and iiiiiii,dted, 
iiml that the leinainiiif; one fifth is made up of oats, wheal, and lye, 
in pio)Kirtioiis dis'nMsiiig in the onler of eniimeratuni 

For tile imlenl still pnieess, the materials einjiloyed in the iiinsli 
are mm h the same m Isitli >Si'olland and lisdand Tliev are seleeled 
from mall, maize harley, rte (mallisl and unmalted), and isits 
The )ireiise pro|M>rlionH m wliieh they are iimsI \ary iii diflerent 
distilleries with the ohjeit wliieh tile distiller has in few Thus 
ill oneSeoteh distillert the ni ish was made up ot 'Jli per eent iliall. 
72pereenl iiraize. and It |S'i mit oats in another ol lilt |ht eent. 
malt, ;ill |s‘r (sail rye. and 40 |nT eent iiiiiize In one Irish distillery, 
it lonsisled ol .'In |a‘r eent malt and ti.') ]ier eent of a nnxliire of 
lia.ler and in.ii/e. in anolher, mulled hurley, rye, and ninizi- were 
iisis) in the proportions of !tt>, and ltd jut lasil , lespeiliielv 
Mai/e is very exteiisivelv used hoth in Neolland and Ireland, in 
the luileiit still pnss-ss Malted rye is iilvi uwd in the mash in 
some palmil-stdl distilleries, it heiiiL' loiisidensl to ini)irove the 
“ hisly " of the winskt 

DistillatioiL The ueneral o|H'iations of distdliitiun have 
already been dcserilaKl in Oiaiiter II, but some further imiiils 
bearing more es|a'einlly ujaiii thn prisliietion of whiskv may bo 
mentioned here, or reeapitulated The simplest varieties of the 
|iot-stdI are to be met with in Scotland, having long neeks, but not 
otherwise furnished with any siasaal means to soeure nstificatioii 
of the spirit. Other iiot-iitills, however, are in ireijiieiit use which 
are provided with pipes or nreidar vessels fitted liotween the neck 
of the still and the eondenser, thus increasiiiK the |ioni-r of reetiliea- 
tion .Such stills are in cITeet,-intermtsliate Mwtx-ii the simple 
pot-still and the patent-still. As n'ganls nimle of heating. Mima 
are heated by direct Cro, others by steam pijK-s and steam jaekets 
It is held by some distillers that this differenre of heating is important 
in respect of the character of the whisky produced, in that the 
open fire causes a charring of the wash, and thus adds empyreumatio 
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hmlicH ti> IhcKC alicudy |jrcM'iit Others, liowcvcr, ninlctiil tlui( no 
dilTon-iict' w to 1)c (iKoctt'il in Ihc H'liinky (ilitunird. nhi-tliiT Mram 
111 dini't liri! Im- ('inployrd 

In Si'iitliuul, two diHtdlalioiiMirv coiinnonh n-i|iiimlloi |iri-p.inng 
piit-Htill vhmky [riini the wndi The linit takoHjilaiu m tlic • vmihIi 
atill," all liio nlcohol iK’inn ''oHirti'd in one du-tilliito, tci'liniriilly 
tiTiniil "loiv Hinca," loKctlicr with MM,oiidiin conhtiliii'iitH and 
wiiin- wider The low wiiiea are ledidilled from .1 smaller atill. 
and lolleeled 111 thriK' fraetioiis. (1) ' foreahotii " (2) the eleaii or 
liiiished whisky, and (:i) “frilila'’ The fori-shola .iiid fends are 
eolleeted toffetlier and redistilled with the iiisvt eliaiKe of low wiiiea 

The Jiidi'iiieid and e\|KTienee ol the distiller determine the 
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pond at whieli the eolliN’tion of foreahots is atoppisl. and that of 
whisky eoninieneed , and, siinilnrli, that at whieh the l.itler is 
atop|Hsl and the eolleetion of feinta iH'iiiin The alrenKih at whieh 
the whisky fraetioii is run is seiieralli iiIkiiiI 11° to 2.">’ oier priarf. 

Ill siMiie Si’Oteli diatilleries. howeyer, the whisky la prodins'd in 
three diatillationa, the apirit ia then run off at 41)" to 4.1° inor 
proof Tliia prnetiee is yerj itimernl in the faiwlands 

I'hiw distillalions iipta-ar to Im' universally pniiti-ssl in Ireland 
for olitaniing |Hit-atill wliiaks and the methial of eolhetintt frae- 
tiona ia aoniewhat more eoin)ilienteil than with the Scoteh pnasm. 
Stronit low winea and iveak low wines atniiii; feinta and WTak feinta, 
are csilleeted, and proliahly different piaetiyva obtain in eyerj Iriah 
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(IiHtilli'n Tlu' whi«ky fniction !•> iionuHv niii Ht ii liinhiT -ttn-iiKtli 
thnn ill tile Hciitcli (iriiclV'O. naiivlx. from i.~t' In ■'M)' iimt |inHi( 

Maturing. The llavniir (if iicn’ly ili^lilliil nliiKki la (‘niilc 
mill uiiplcnsiiiit Tiiia U |mrti(’iiliirl\ the ciim- nitli jkiI-sIiII whicky, 
nliicli 1 iiiilniiiv miin' of the w’l'iinilnry roiuilitiicnti- than flic (Mlriil 
hfill jinnluct lly stnmi!i> in niHnIcn caak'. (’(‘rtmii cliiiniirh arc 
liioiighi aliout in tlic clmriictcr nnd iiiiioiint of tin* Micoiiiinri con 
htitiicnti.. uith llic n'Hiill (lint the lUvoiii la ini|irovcil 'I'hia 
jiroicsa In ■' iiintiinni;'' it ia cliccicil more readily m the |inleiit 
>•1111 Hliiakv than in that fnini |Hit-i<tillH which H olteii Mured for 
iiiiiiu le.iin in Moial I'askn which Ihhc )iie\ioiial\ hidd aherry 
are ln-i|iientl,\ ii'cd foi the |inr|Miae, nnd new eaaka Hoiuetiniea 
leeeiie 11 |m'Iiininarv trciilnienl with a awia-t wine la-foie Im’Iiib 
eiii|il<ned fill the iiiiitiinnK of wliiaki Much the yrenler i|iiiintil,v 
of the apiiit. Iniwevei. h iiiatiiml in |ilciiii woial The iheiiiiial 
1 h.iiii'en which oeeiii diiriii); atoriiBe will la- ileall with Inter (|i t.'ij) 

Blending. Ilv thm term la iiiennt the iniviii)' of two or nioie 
dilleient whe-kiea Tlieae niii\ lie all )Hil-alill prialuels hut nior(> 
iieiii-rnlli me ini\tiiri-N of 11.111-111' and )miI-MiII hpirita In the 
tiiM in'-i- the olijeet of lih-ndiiifi is to pri-serM- iiiiiforiiiity of 
(-li.iiaitii III the SCI Olid to iilitmn a iiiildei mine iiniforni. mid 
,iU.i a I he.i|ii-i |iiiuhiit than is fiiriiished hi |iot-atill ajinit aloiie 
'll-"|iioiioiiiii‘i-dthiuiiii Ilf self whiskies theiilihli-ndisliiliHliii-tK 
of iiidliidiiid (liatilli-iies suits the taste of e(ini|iiiintively fen eoii- 
siiiin I- wheieas the lihiiil .i|i|a-nls to a ii-ri niui-h larger iiuiiihi-r 
.\s |iraetis(-(l in Seotliiiiil. the lileiiilinn of pot still and patent-atill 
uliiski IS till the ]iur|Kihr of produi-ing two diatinet elasai-s of 
spirits (I). niildli- flai iiim-il whiski of jiartieulnr eliarseti-ia 
and good (|iinhti and (2). a elii-iip hut pnlatiililr whisky An 
regards the latter, patent-still spirit coats li-sa to mniiufaetuie than 
pot-still spirit, and if iiiixed with iinnintuie pot-still wliiskv whieh 
IS naturally ehea|H-r than the fully inntimsl article the unjilenHiint 
taste IS toned down, so that the inixtiin- la-ioiiii-s nion- palatahli- 
Thi- pn)|Kirtiim of jiot-still whisky in tliem- elienp lilends d(-|M-iidn 
ehielli u|Kin the price the eheajx-st may I’ontain as little as ltl |H-r 
eeni , or leas 

Classification. —fot trade puriMim-s Kisiteli whiskii-s art- 
usually divided into five elasm-a, via ; (I) Highland malts, (2) Isiw- 
land malts , (3) faiiipln-ltiiwns, (4) Islays, and {H) flrains, the last 
denoting ]Nitent-stili whiskies The first four are all whiskies made 
from malt only in |iot-stills Uccaainnally (3) and (4) are classed 
with (I), and (1) are sometimes subdivided into Npeyeide nnd 
. North Country whiskies. 
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Thn I[i);hhiTic1 mall whiitkini aro mainly pnaliiml in tho dUtrict 
on tho mainland lying north of an imaginary lino drawn from 
Dundee to Orocnoi'k. the Ttowland malts south of thin line The 
Oampboltowna an- diatilled at tho southern end of tho Kintyre 
peninsula, and the Islays in tho island of that name Thn (Iraina 
are made in tho district Iictwocn tho Firth of Forth and the Firth 
of Clyde In tho curing of the malt mon- {K-at is used for tho Islara 
than for any of the other classes, and more for tho Ifighinnd than 
for tho Tjowlond Malts. Feat is nol employed for euriiig the malt 
used in pro|iaring tho Grain whiskies The fslays jxwsess a notaide 
IH-nt ilavour; tho Highland malls are less stnmgly (K-aty , whilst 
the l/iwlaiid malts am less fnll-llavoun-d, and the Campheltowns 
not so tine in cliaraetor, 

frisli whiskies am not elnssiliist m a similar manner The self " 
whiskies am usually sold under the name of the distiller or distillery, 
but the greater pmisirtion of bottled whiskies is blendisl niid gis-s 
either by tho name of the blender or under some funeifiil deseri|ition 
Thn Irish |intriit-slill whiskies, however, os in Sisdlaiid, am sold 
under tho mime of “grains'' in the nholi-sale trade 

Constituents. Tho primarv eonstilueiit of wlii-<ky is elli\l 
aleohol, but the eharoeteristie lluMiiir is due to small i(iiniitilies of 
liy-priHliiets or “si-eundaiy eoiistiliieiits'' pnsliieisl diinng the 
priH-esses of mailing, fermeiitation, disidlalion, and matiiiiiig 
These seisindarv bislies f.dl into the grou|Fi of aeids, aldehydes, 
esters, and higher alcohols n liieli am ordinarily estimiitisl m iiiialyses; 
but, in addition, them are other siibsUnees (iresent wliieli i|uils' 
pmlialily alTis-t tho amiiia of tho spirit 1'hus iSeliidrowilz and 
Kaye,' examining now jsit slill whisky, obtained distinct evidrnee 
of the presence of pyrrol, phmolie. luslies, an alkaline sulislanee 
(pmbaidy an ammonium salt), hydrogen sulphide, and sulphur 
dioxide in dilTemiit wliiskies They had also mason to sns|icct the 
preseiieo of traces of lutrih-s, hut did not obtain a jxisitix'r identiliea- 
tioii It was presumed that these various Imdies, so far as they am 
pnHliicts of dry distillation, wem denved from tho peat and coke 
used in malting, ur from the action on the mall of the hot gases of 
tho innit-kihi. Small quantities of volatile nitrogenous bases may 
also be preaent. Moreover, small amounts of sugars, aeids, and 
eolouring and extractive niattoni derix'od from the storage-vessels 
may exist in whisky, as well ns ailded eolouring matter. 

As mgards the nitrogenous Ixuhes, Sebidrowitz found the following 
proportions present in tironty samples examined by the method 
given below:— 

• J, Son. Chtm. Ind.. 1905 , Bi 585 , 



SmiTDOTO BEVKRArtJCS 


if 
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Stoivh ^huiku's 
HigltlMiul Mnli^ (0 Muiiplt •.) 
I^twlaml „ (3 M ) 

CiiiiiplN'llimiH (2 „ ) 

(iiMinh (0 { 

Aiiunciiii ry*' «hiskii‘S ftimtun'ii) (3 


(Irunis iH'r )IM> Iilh'i 
nlciilml 

(('lilt iilniitl Hit Xlla) 
OdUtu 0 It) 
on 0 30 
OOH „ (114 
O(i3»0 14 
siimpleH) M 2ii ,1 U 311 


Method.- -To 20() c c of the nliuky. 02 Kram of taitum- avitt «ns 
adilvd, ami tho ulioli' <'ta))<ir»tnl to a Hiimll liulk TIu’ n'm<lui‘ 
uus tiiinafcm'd to a small ll.isk, made iilkaliiio with I'aiistii- iilkiili. 
ami then ilMtillcd with sti'ain 'I'lio dihtilliili' uas lignin rcndi-nil 
acid with tartaric ncid. CMi|Kir.itcd to a small hulk, trailsfciii'd to 
& Kjcldiihl a)i|ianitus. and tnuitcd ill the usual iiiiiniicr with slioii)' 
iiul|>hiiric and and |silansiiiiii siil|ilmtc The iiltiinulc dislilhitc 
WHS Ncssiciiscd 

A laiuc luiiiihcr of aiinlysi'sof whisky will he found in the cvidnin- 
laid iH'fiiic the lioyal ('oiiiniissinn Some of llicsc arc included in 
the seleition |!i\cii hen-uniler Thi‘ incthixls ol anal\ us used in 
CMininuni: whisky aie mren in deliiil at the head of tins section 
()i)i IlHi I2:i) 


Scoois iHoM 1 ‘irFM-srii.r. iiisxii.i.i:hii:s i 

S.'i iiiiiUiry tiiiislilui-iilH (Ma )s>r lOU e e 
iil».uhite uleohii)) 



Vitlalili 

(14 III 

AIilo. 

llVili'S. 

hAli'rs 

lliirlifi 

aliohoN Kuifuidl. 

Tiilul. 

StNitrli 

1 wVi‘W 

1 <) 

0 0 

30 H 

300 

ml 

HI 3 

2 

t M 

47 

41 1 

1)7 K 


145 0 

.3 

3 8 

tiiki •• 

2*2 h 

140 


40 It 

4 3 niuiitlM 

3 J 


45 U 

42 0 


<12 K 

5 44 

l.'i It 

14 1 

40 1 

HI 3 


167 4 

« 7 .. 

l»n 

10 H 

35 0 

21 K 

0 1 

HO 7 

7 7 

30 0 

liO 

17 0 

20 1 

03 

1172 

IriHli 

8 Nt'W 

3 5 

Iraw 

\ 2'1 

2(40 

ml 

43 7 

t) 7 y<‘ArB 

100 

33 


67 H 

0 3 

124*2 


' Aiiatyscd in the ItineninH'nl J^slsunltny Hiats-r olenhols liy culun- 
melne pmeesi. 


Other jiarticulars of theac a)iirit8 may bo sninmarieed as follows. 
Aloohol.— From fiO 7 to 69 S )ier rent by volninc, c. 99 4 to 
122'4 per cent of prpof epirit. 

Total Mllds.—From 0 002 gram {ler 100 c.e in Mo 1 (stored in 
vat) to 0 029 in No 6 (stored in plain w'ood cask) and 0 424 in 
No. 7 (stored in ahenry wood cask) 

Ash,— From 0 001 gram per 100 c.m in No. 1 to 0 003 in No 6 
‘and 0016 in No. 7. 



440 


AI^HOI- 




Total add. Miinnmni 00()12 gram )mt KHl re in No I (ealen- 
liiteil lu* iu-elie neiil), iimsiiniiin Oli;tliO m No 7 The aenl in 
■ liiolly voliilile aeid 

SeiHiTM mow eoT HTiMi jiefTriJittos 


14 L'loiiliiry eoiHtOiieiitH (Ma pi'rHMIee 
Ilf illiHnItife iileiiluil ) 


Dnltii'l 

\|fi> 

Voliktili' 

lU'lll 

a\ldr- 

hyihn 

KmO'IS 

HikIiit 
hI( iiIuiIm 

Kiirfiirikl 

Tdliil 

S|N>yHHil> 

\t‘H 

1(10 

0 2 

77 4 

407 2 

2 0 

.'•1.3 (t 


H \rH 

Si‘1 S 

10 0 

03 0 

472 1 

1 0 

(>30 7 

HmilV 

NVw 

\M 

.*11 

02 2 

4714 

20 

.1.1.11 

IhiH) 


MW 

32'2 

010 

371 4 

10 

.1.10 1 

ino 

21 h 

03 K 

4.11 fi 

42 

1.'.li 4 

„ 

7 JIM 

30 1 

4111 

02 0 

400.1 

3 (1 

It27 H 


Nfu 

17 0 

3'1 0 

72 0 

410 0 

3 .1 

.137 0 

, 

4 VIM 

:i7 r> 

3IH 

0} 4 

103 0 

33 

MO 0 

[rnh 

Nt'u 

33 

.10 2 

102 0 

.122 li 

3 1 

llK2 0 


Hvh 

32 0 

6.')U 

MO 1 

771 2 

2 0 

010 0 

,, , 

Ni'W 

42 

7 0 

13 0 

701 7 

1 1 

727 •» 


•Ijw. 

210 

12 2 

30(1 

7.M*(0 

1 1 

H.1M i» 


Ollier iiiiitieiilnrH of them* npiiitu are 



Miiiiiiiiini 

llaMiniiin 

AIrtilifil , 

. .10 7 [ii'r (M'lil l»j \«il 

Mil 0 


101 0 , IHtMlf Mplltt 

1.12 3 

Ttilnl (uilitiH 

0 002 

0 1M.1 

AmIi 

. . . 0 001 M 

0 OlH 

(full* 

iis H0ctu> uciil) 0’002 „ 

0 040 


Tlie neidity huh inninly. aihI in Mime caw’S entireK. due to lolnlile 


arid 

A eoiii)iariKoii of the foie|{o|ng anidynen iihans ^ert clearly the 
broad distiiiition hetnrui the “|Kit-atill' and the “ |iateiit-Htill 
njiirita Theie in aluaya a niueh larirer amount of the secondary 
eonatitnentn in the |ait-Ktill a|uril 

S|H'HLiii); generally, the ]iro)inrtiun of every one of the M'rondaii 
vonntituentii unnally deleriniiied in gri'oter in the “ |iot " tlian in 
the “ juitent" n|iirit. hut the niont marked dilTereneen are in tli" 
liigher aleoholn and furfural 1‘atent-ntill njiirit enniiiinn no fiiifiiial 
when new, although after ntoragr in ttwaleii eaiiks it m Minietiiiien 
found to eontinn traeen of thin nuhntanee, but alnayn in iiiiieh ninaller 
ainoniit than in |iot-stilt n|nrit, from aliieli it in nrvei alwnt 
The lou |iro])orlion of higlier aleoholn and the almenee of all hut 
iiien> traeen of furfural render it a coiii|iarativcly eany inatter to 
ilinliiigiiinh ‘‘ (Milent-” from “ pot-ntill" apirit But the violation 
in the anioiinta of the nceondary ronntitiienlii in Imth ilanaen of 
npiiitn iiiaken it lena eany to entiinate the enact ]mi|Kirtion of each 
kind of apirit preaent in niiiturea. 
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rninimriiiir tlii^ pol-Hlin uliiskii*'* aiiKnm it «ill 

that tlii'u* aic roii!*i4l(’rahh \aiMtMiti'' iii Ixith tlio total 
aiiioniit .mil m i.uli runMiluciit oi the '^cioiMlaix hlHhe^ The 
Si'oteh vihi'*kii‘h p'liiTiilly ahnw a souieuhat le'«s total Aiiioiiiit thnii 
the Irish, anil tin* S)ie\siilo. ItaiilWtiix*. and llinlilainl '.iiiiiples 
ha\e u rntliiT Miialler umoiiiit than the Ulii\ and t'aiiipMtnuii 
aiieeiniens Tin* latter, iia well a** the lush s.iiii|)lis. an* iiiiunh 
“ lileiidinii.* as ilHtiiisiiiiHhed fiom ■^•11'* uhiskie*> 

'rile dillerenees lietweeii new and old pot still whiskies so far as 
abnwii h\ Atiahsis. aie iiiainU in the niiieased anionnts ol the 
voliitih' aeid^ and aldeh\des, and to a less estenl of the eaters, tomid 
m tlie ohi spirit win ii stonsl in wiaidi ii casks 'Hie higher alrohols 
unit fiirfiiial show ii>lati\el\ rmu’li smaller ditleniirsN 


lli(iit\ )ii<ioiii> (eiTiNi snii.) sriRiis o» iiii.ii sraisioii 

SsomUi) Miiisliiui'iits (Ma |H'r Iiairi nf 
iilisiiliili* iik'tiliul) 


lit -ri 

NoliiOli* Mdt 

M !<{ IimIi' I! 

>h'iH 

Ifiullt 1 

iili'ohnls h'lirfiiral Tittnl 

lint I'll, fllHIl lilioii 

1 J llliH 

It 1 

212 ml .U:* 

„ Mi.I.i'M' 

1 ‘i •) 

T1 

in 0 „ 75 0 

Kmimil in.iiiiliiii),i 

1 * ml 


1(1 1 M 17 1 

. (Si.ltiii) 

1 j i: 2 


Hit 7 Ill .1 

inhor partii'iilius 

Alcohol. Knnii 1)5 

to 1M) 5 |>ei cent 


\o1nnie, Itidti to 


1011 0 )MM irllt of proof spitit 
Total solids. Kroin 0 fNkt to 0 015 urain |a‘i hKl e e 
Ash. „ iMxii ottin 
Total acid. imhioo , ootHHi , 

Thesi* spiiits il will he seen, uie of iniieh higliei ah olmlic stieiigth 
thmi lhos<> III the two foiegning M'liea, uiid loiitaiii in Kciieral still 
less of tlie s(‘(oniliir> eniistiluents than do the patent r>till whiskieH. 
Tliev are not iisuall} storiKl in wooden casks, hut in metal ilnimM or 
vats, and aio iiaed inninl> for technical and mdustruil piiqaiwR 
They are often of very great purity, although gi'nerully made fioin 
inolaoia'a, jiotatiM'a, and bcclroot-augar residinsi, or other materials 
not employ ed in makiiig apirita intemli'd for eonsuinption in this 
eountr) 

Onlinar\ pubhe housc whisky, na Mthl in the working-i laas 
ncighlKnirliooclH of the* pnnci|ial towna in the UiiitcH] Kingdom, la 
usually cither patent-still apirit, or a blend of tiatcni- and pot-stdl 



AUOHOL 


emt. 


ii|iirit« I’Oiitoinini; luil mon> than oiie-lhinl (if the imt-atill variety. 
Out (if 111 aainjilea imrclinacd and examined ofKeia1ly,‘ 

' Nivteen wr«' wljudged lu he jiiuhnlily entirely patent-atill apirita; 

Tliirty-Hi.\ were eoiiaidered to eontain not inon- tlian 10 pet cent, 
of |Kit atill Hpirit, and 

Sixteen I'ontained nut more than one-third of the pot-atill prudnet. 

Only lime of the aainplea were deemed to In- imiliably pure pot- 
Hlill Hpiril ’ thew weie nil obtained from Jn'hnd, and formed 
30 |«'i ei'iit of the total numlM-r (.30) purebaiicd in that eountry 

A few of the analyoea are a)i|a'iulrd (p 440), aa rejpitda the 
w'cnndiiry eonaUluentH 

'I’be aivrage pra|Kirlioiia of ihe chief Hceundary ennatitiieiith in 
lunoiiH ebeoiea of apirita ueie found by K A Maun to Ih- as 
lolluHsi 'I'hey are dediieiYl fioin Ihe niinKaea of ITT aainplea 


I liiMTii i.hD IN eor-rrii.M 


'I'M- 

KhIi'In 

Kiiirtiial 

aliHiluiN 

iniilts 

AHn 

a 1 

m 

Idtiwlmui 

.'L* (( 

f 1 

ik:i 


rn 


17‘» 

UlMyi 

40 a 

0 3 

301 


II 

Dintillku is tinii.H 

'rriU.s 


UiKiiliiiitl tiatlN 

07 

3 1 

170 

laimliiiul 

40 7 

1 1 

I HO 

('uiniilH'Kaunt 

(i3 

3 0 

toil 

lslny<i (iioiio) 

- 




AUS 

3 43 



111 - 1>iKrii,T,ru IN riTi.NT 1 T 111 /, 
linoilN «a OOU 13 4 


3'he lii)!hur nleuliola wre ebtiiuated by a diglitly iiUHlined form 
of the .Mien-.Manpiiirdt method 

I Oir T 11. 'DiorptN .VppetiiliN Q, Itefwrt of Kuyal Conuntwioii. 

I “ eMnlilwIiiueot of Standards lor tVhuky iii tVi'alcru Auattalm,** 1913. 
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SrhidrowiU and Kayo have puhliihed a ronsiderable number of 
unalyarH oL authentic samplea of whuky.' For the lire chief 
elaim’a of Nriiteii whiaky they Miinniariao their ri> 8 uita aa foilows — 



i 1 

iu 

I i j I 


* s 
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llir fciUomng anaijMn of Iriah and Amerioan nhiakuK art- duo to 
Rchidiowitz 

s — H'i'str eiacs^otci- 

'Z ir rt ^ « n r* n « « w 'I 


I 
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m 

Tho lii^hFr uli ohula were eHtiinatcd by the Allra Mimjunrdt 
jiroi'ciui Kxrrpti in tho rnw »{ tho nlcolinl luul extract, which nro 
Kiven in pcrrciita;'CH, all the fi;;iin'a denote inilliyruiiis jh'i lt)l) e c. 
ot aliwilutr aluohnl 

Of the Iriah whiBkiea, Kern 2 and 4 were otnred in plain wood, 
and No 5 in a aherry eaak 

Changes in whisky during storage. Tlu- most 

exteuaive examination of the elianjiea which nhiakx uiiderpiH'O 
durinjt atorage in enaka ia due to (Vaiiiptoii and Tolmaii who 
earned out a aeriea of eY|ieriineiita upon Aineiienii whiskies over 
a iH'iiial of eight years ' 'I'he higher tem|HTatiire of storage, iiow- 
eror, and tlie praetiee of charring the interior of the casks make the 
conditions in Amenea very different from thoM‘ olitamnig in this 
eiiuntry For the present purpose, then-fore, it will la- iisi-ful to 
eonaider ii anialler aeriea of exiK.-riiiients eariiisl out in tin- tloM-rn- 
uient Ijalairatory, laindon, on whisky atored in cask and in liottiv 
over iK-riials of 'if and 7| years ‘ 

Four casks of jxit-atill spirits weie kept in distillery wari-lioiises, 
and samplea wen- periodically drawn for rxamnintion 'I'wo of 
the whiskies weni of aiH-eiiil ilLstdlation. haring iinilergone tmitmeiit 
for tile reinoval of furfural, the oilier two wen- of llie onliniiry 
eliaraeter A aiinimary of the aiialytieal lesiilts, siillieienl to 
exemplify the ehnnges, is given in tabular form uii p 4.');l 

The eorrea|K)ndiiig samples atonsl in glass bottles sliowisl pineli- 
eally no uhaiigea 

It will be ats-n that in the casks the spirit allowed a gradual and 
quite appreciable loss of alcohol There was dining the first six 
months' storage a fairly well-iiiarkisl iiien-aae in everv one of the 
seeoiidary euiuitiliienta, over the aiiiunnta found in the new spirits 
After nine to twelve montlis' storage the higher alioliols and the 
furfural rumained practically eoiistiint, and the iiiereases in the 
other ronslituents were very alow. 

On tlio whole, tliu changes shown by these exiH-nmeiits to la-eur 
m the secondary constituents of whisky, though well-marked, are 
of eompaiutively limited range, even where the storage is in wooden 
casks; and they ore practieaily negligible m glass bottles This 
fact IS of somo importance m enabling spirits to be traci-d and 
identified; or, on the other liand, ui showing that they are difterent 
from what they are alleged to bo. 

It has already been mentioned that the chief analytical difiercnee 
shown between new and old pot-still whiskies stored in casks cunsista 

I J. Amtr. Cktm, ^'oc., lOOB, 30, Da 
■ Appendix Q, Keport ot Boyol Conunisston. 



RPIRITUOUS filEVRRAOER 




iW. 

I 







4/14 


AUDHOI. 


li- 


in (h(< iiun'iM-d nituiuntii iif ociib, Hklr.ht'dpit, and mtoni, Acninlinfi 
tn Thnrpr.' much of the increaHc in probably duo to a procrna of 
cxtractinn of m-condary priMlucto abourk'd in the wmxl of the canka 
fmm former apirita Thia abaorptinn ia to aome extimt aoleetive. 
Tim ethyl aicDliol aioaly diffuaea through the wood of the cask 
and (HiaacH into thu air, leaving aonio of the eaters and higher 
alcohnla behind in the woikI, which thus bccoiiiea more or leas 
chargcii with thcac accondary rnnatitnentH, according to the iengtli 
of time and other circumatanrca attending the storage Probably 
niao, eaiKS'inlly wlieii the coaks are empty, there is same proiluetion 
of aeida and aldehydea by the alow oxidation of the aleoliola in and 
adhenml to the wood of the casks, and the inen'aaed acidity would 
favour the prialuetion of eaters also 
Cranipton and Toliiian‘ found nil iiirmio iii the nleoliolie slieiigtii 
of apirils atonal in wiaal, uinininting tn about I |ht cent ja-r iiimiini 
They expiain this ineienae by the fact tliiit water laiaaen through 
the Iain'S of the wiaal mim' reiulily than alcohol does The inereiise 
in the pro|aiition of higher aleoliola ia due, they eonaider, to the 
diffusiim of water and ethyl nleohol through the lam-a, the wood 
la'ing praetieully im|a'rvioua to the higher aleuhola Kiirliiral may 
he deiirial fnoii tlie charred interior of the cask, iiiid tlieiv la also 
ail actual inen'aae in the acids, aldehydes, and esters The ehaiiges 
ore coiuimralively ra|ihi at first, but priwml very slowly after a 
period of thn'v or four yearn 


vr IdQUl'IUllS, (DltDIAliN, AND CDMINIUNDIjl) SPIKIT.S 
Liqueurs and cordials.- Tliere m no esai'nliul dilTerence 

between liqueiira and eordisla, hut os a nile the name “ liqueur 
IS applied to foreign products, whilst the British pre|inratiaiia are 
generally termed “ eordiolK " 

Typienlly they are strongly spiritnoua and usually sweetened 
rnmpoiinda. Ilavournl with aromatic herbs, essences, or fruit 
extmeta, and often enloiired Among the best-known foreign liqueurs 
are absinthe, anisette, benedietine, chartreuse. crAine dr menthe, 
oiirofoa, kirseh, kummcl. maraschino, noyau, and vermouth: 
whilst in thia country are made such prepantinna as cherry brandy, 
cherry whisky, clove rordiai, ginger eotdial,'\imnge bitten, peach 
bitten, peppermint cordial, and sloe gin. 

The flavouring of the {lighcr elosa liqueun is almost a tine art. 
They have lawn faneifuUy eomiiaied to musical harmonies, fo a 


> /40. eg. 


‘£se. eil. 
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arhli' of flaviiurH Homr an< iMnipiinlntit with nlhpra, HoniP diiipnnliiiit, 
likp thp notpH of 0 iniiHipal waIp ; anil Hip art of tlip oxpprt liqupiir 
niakrr puiihmIx in an plimwin); hU flavnun that tlipy ahall lilpnil, 
like tlip notes of a rhoni, into a ptpaxin);, hamionioiiK whulp l{cnpi> 
in the liPHt qiiahtipa of liqiieura pare U taken to have hiehly-rretifird. 
Dputral alpohol and pure white Miear ax thp fiindainentab. in onler 
that the flavour of the final priKlnet may not Im inipairrd. Roth 
grajip xpirit and fcrain spirit are used, the fimiier in (he lietlpr kinds 
of liqueur, the latter in the pninuionpr varieties and in i-onlialx. 

The pxaet reeiixw for the moie eateenieii liqueurs sueh ax ehartreuxp 
are. of ponrsp, trade M-endx, hut amonit the ehief llavourinK 
ingredients usral in making these eompmmds are the following 

;Mmonds. angeliea (root and xiaxls), aniseed, halm, ealainux, 
earaway. eardamnnis, ehervd. eherries, einiiainon. eloves. enriandiT, 
eulx-li'. eura.’iai OMiigex. ddl, fennel, gentian, ginger, hyssop, 
|uni]H'r. Ii-inon jx'el, inuskniallow, orange ]a‘el, orris rixit, jx-piaT- 
luint, pineapple, raspherries. susxafrax, x|X'arnunt. xtranherries, 
norinwoiKl, and vanilla 

In making the liqiieiiis tlms‘ prineipal niethixis an* employisl 
for treating tlie tiaioiiriiig ingnslients 

(1) .\ii essenee is obtained by nineerating the ingredientx in 
aliohol distiibiig the iiiixtiire, and n>rtif,Miig tlie dixtiliute 

(2) .An ateohobe extraet is made hv digi'xtion of the iiignulieiitx 
and filtration, without distilling 

(3) For inferior kinds, an essenee is pre|iared by simple solution 
of essential oils (< g , oil of anise, oil of lemon) in ahsihol Whiehever 
inethoil IS ndopteil. the nsiiilling soliitinn is iiiiMsl in the nHimred 
pro|airtinns with sugar syrup and aleohol. eoloiired if nisssisury. 
clariHed with white of egg. isinglass, or other siiiluhle agent, and 
filtered The liqueur may he “ mellowed " liy digi-stinn for a short 
time at a gentle heat in a elraasi vessel 

As an illustration, the following niethwl of making onlinary 
“ anisette ’ ma) Im‘ eited • 


.Aims' sissl 3 kilos 

„ 

Cnriundor . In 

F(>niiei .. In 

Alcohol (K5 p^r p<*nl.) 53 litm 


(1) —The bruisMl iieeds are digested with the alcohol for twenty- 
four hours, then 26 litres of water'added, and the mixture distilled 
until 51 litres have been eollected Tq this distillate 26 litres of 
wuier are again added, and the mixture redistilled till 60 litres of 
distillate have passed over. This is the flavouring essence. 
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(2) - Of this (wenco, fl litres are mixerl witli 2(1 litrea of aleoliol 
(HO per cent), 12} kiloa of migar, and Bfi litres of water Tlie suftar 
is liixt dissolved by heat in a jiart of the water, and added ns a 
syriip The spirituous mixture is then elarilied and filtered 
In l‘'ranis'. lii|ueurs an* divided into four mam elasse-. as ordiiinires, 
dfiui-^ars, furs and riiifiiri , fi^ueura rfoaWrs are also made Tho 
ilrmt-fnei) have more aleoliol. sugar, and flavouring than the 
nnlltianra of the same type, ttM\^uea more than the l|(mlfnf^, 
and so on It is not merely a ipieslioii of less water, the Iw'tter 
qualities may eiaitaiii additional llnvoiiriiig-ingreilients and ho 
generallv better prepared than the eoninioner kinds 
The eoloiiniig matters nhieh have las'ii employed for (siloiiruig 
liqueurs nielude eoal tar eolours siieli as aniline red. aniline xiolel, 
malarliite green, and iiiiligo earmine. alkanel root hriiril wiml, 
earamel. eateehii. ehloiophill, eis'liineiil. eiidliear. hiematoxxim, 
indigo, on’hil. safTroii, sanilnlwisal. and tiirmerie With the \ege- 
tiihle eoloiirings, ii little alum is added to iiiereasi- the juTninneiiey 
of the eoloiir 

Ratafias are liqueurs pn'|siiisl with the extraets of fruits, ete, 
not distilled Thus raspberry latalia lirmi-fiit aeeording to one 
forinnln is made by iniMiig the following 


Kxliiirl i>( mwpiN nil's L'o liin's 

Hilil I lii'rrii'i ii «, 

Aliiiliol .. ) in .. 

Siitrm L’s’i kiliio 

Wiili'i 47 htri'Hi 


Ateinthe (‘onttiiim ml of MotniMiMHl ns its (‘hniiutenstii ion- 
Mtitiiont uill) othi‘i llnM>iirin}!>4 kiu'Ii ah anisi', fnnnni. ('ormnficr, 
nrul niigolirn It is iisnl in Krniur nml Suit/rriaiul 

Cnins dd Menthe in fln\mmsl rwnro of popiM'rinint, .ind 
mtmptiiiK'H Hitli othpr iK'ivoiirings in n<Mitioti r , hnlin. oinnnnion) 
orris, nn<l giiijfcr 

Chartreuse and Benedictine aro hishly HMortonoil liqnmint 
AnKplica, einnAinon, IiyHAop, mA<‘P, lemon Imlm, and i)e|»periniiit 
are some of tlie ennstituents in reoipes which are said to produce 
Ijond iniilAtionH of the eliartreuMe actually made by the OaTthuAian 
monks 

m 

Carasoa ia flavoured with the pi'el of enrat^oa oranges and of 
ordinary oraiigisi 

KIraoh or Kirsohenwasscr is a spirit distillisl from the fenuented 
juice of wild Gherries. aoinelimes mixed with brandy. nr flavoured 
with almonds and apricot-seeds 
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Kumnul in prc|iuT«l from caraway needs, with auxiliiiri fla\ ouriiiKs 
such as euniiii 

Maraschino is su|i)HiM-d to Is* iirejiareil from the niniiiseii eheny, 
gniwii in Dalmatia, hut other eherries. rasiilK>rries and aiiMliiiry 
flavourings an- now often used 
Noyau is flavoured with aprieot or peaeli kernels 
Vermouth is esMSitudli a swi'eleinsl wme of woriliwoisl, made 
chiefly ill flail and I'ranee tlriiniie wme is often nsisl in the 
eheaper qualities and aleohol is also addisl Various liitteiw 
and nromalii's mai Iw usisl as aiiMlinries to tin- wormwood, Mieh 
Its aii^eiieii, ^mtiaii, eleeainpaiie, eiimainon. and nutmegs 
The follow ini' anali'es, here slijihlly nhhn'viattsl, of lii|ueurs 
me I'lii-n in Kom|''s work, hut it should he Isiiiie in iniiiil that 
lu|Ueurs (iilhsl hi till' siiiiie iiaitie ari' not alwiiis made froni the 
Mine foiiiml.i, anil that there are soiiietiilies ilitTerent ijiiahlies of 
the s.iiue tipe 

Isil.isis III \ iiinnis inieieiis 
Miiiliiil 

Viil < am- 


kih’l 

Sj. ill 

|>' 1 '''‘111 


MUjEiir 

\sh 

\l»>in'!>« 

iMHMl 

,14 0 

0.1 


_ 


Oil lid 

40 7 

.10 

4 2 


<|i Htif'lt'HtlY 

1 OM7 

IL’O 

.11 H 

:i71 

0 01 

*’• M'vlu lint' 

1 ii7dd 

0 

.’Mi 0 

;i 2 n 

0 M 

( 't ■PlP'll'sl 

I 

1.12 

:ioi 

.111 


Cn'll'* lit MiiiHi'* 

1 d|l7 

ISO 

2H :t 

27 0 

0 01 


1 UHIHI 

0 

*h 0 

2H 1 

0 00 

(sllllp 1 

1 0141 

I7.“i 

27 H 

210 

0 07 

Kiiiiiiii' 1 

1 US'lO 

;iio 

ii.Mi 

:ii2 



.\s ri'Kiiids the estiiiiatioii of the essinitial oils m liqueurs, the 
method ailo|ilisl oflieinlli in Kiaiiee is to distil thi‘sum|ile, make up 
the distillate to the oriKinal lohiiiie with water, and then deter- 
mine the iislme ahsorption hy Iliihl's proeess 
Due hiiiidrisl e e of the liqueur are plueisl m a 2.'it) e e distilliiifi- 
llask. Ill e e of water addeil. and the mnliin- distilled till IIKl e e, 
have lieeii eolleeled Of this, .oO e e are placed m a Sfitl e.e fflass- 
atoiqiered flask and 25 c e of the followiiiK niixtnre added - 
Iodine, .50 i;rBtns, merenrie, chloride AO frraniB; separately 
dissolved in I litre each of BA jier cent olrnhul, and equal volumes 
of till' two solutions mixed 

The distillate, after hein); welt mixed with the 25 c e of iiuliiie 
n'aqent, is set aside for three hours at a temperature of 18" A 
“ blank " experiment is carried out at the same time on alisihol 
containinf; no ossential oils 

At the end of the three hours, 10 c.c. of a 10 pec cent, solution of 
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fMitnMiiuiii iiHlitlc orr lulilcil, iini{ tiu- (ivn MtliUiniiH (itratnl with 
(|p>-jnoniwt thiiHul|ihntp wiliition U't iV Tm' tlir nunilipr iii c p. 
miuiml for thp pnrr ftlrohul, mul n fnr thr li(|upur Thpit 
(.V ■ h) < (12A4 pvm thr i|iianlity of imlinr alwnrlml |ht litrp 
of liqueur 

h'roin u knowledge of the i<Kliue value of the oil in qumtion, the . 
|>ro|Hirtion in the liqueur run he enleuUteil Pollowing are the 
quant itieH of UHline almirhed hv I pram of tin* various essmtial 
oils ' 
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For the iiiixtiire of oils imsI in ulisiiilhe lii|iieni S.iiii'le Ferrien* 
null Ciiniusse take I 2!IS ns the menu vnliie oi iisline nlisorlssl |irr 
priiiii of the leivtlire 

Aemnlinp to A Aiipuel,' the lesults nra too Ion- if the iiKlino 
solution |)re|smsl in the onlinary way is iiseil whilst fn'sh the 
mnxiniuin values nie piven u ilh a solution whuli is some nioiitliq 
old This is ntlriliiitidile to the di'vi'liqimenl of liMlriiMlie acid 
in the Hiihl's iwliiie solution, nnd the lutdition ol this .leid is 
therefon' reeomiiiendisl. in onler to tit the iodine solution for use 
at nni'p The proportion of hvdriodie arid siippested is 7 o to 
It) grams [HT litre The sample nliinild he nllowixl to stand for 
two hours at, n tempi'rnluiv ol nlsiiil IS' after mixing with the 
lodino solution 

Various liqueurs tralisl hj tins iiietinsi gave the folloumg results, 
expressed in grams of iinline nlisorlnsl |K-r litre of the sample: - 

AlNiiithe r U 11 siislieline 10 

AnierVssm 0 1.1 Misillte lilsiitlw .0 17 

Anweite . . . OS lot-IS IVpiiermiih . OSO 

AleohoUe solntions of varioib eswntinl oils (2 (inrts per litre) 
gave the following valiieli for iodine absorbed- 


> .tnn. rabif., 1906, S, M.!. 
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AiiHnil (Kh'tii'h) . , an Mint ... •. 071 

Balm iiiiiit . . t a Nnn>li (II 1.1 |k-i ii'iiI.) a I . 

TV-roaiiint . 4 7 dranitn.II a 

Cnnamtpr (II1 |H'r I'l'nl I. i 

Till* Wijs nirthiKl of l■^tlllllltlnl; iinlmt* nliMirptinn iii mil Huitolilc 
fur line mtli ali'nlmlic auliitiiins nf piwntial iiila 
.Unmliii)! to \ KiH'(|U('a ' imiiiiiliii|[ (hr n-MiUa of an iiivciitifin< 
tint! l■ll^^^^'ll nut for thn Siirifit iln Kri>frtii-('kimiiitri> ilr Fmiirr, 
till* inilinr lm■tluHl Kitrs aiviiniti' <li‘trrminatiiinH uilli aniHiHi] and 
kiiiiiini-l (c.iraanv) iKiiicuni im1,\ Oil of aniMvd iilmorlm 1 4.’i giaiiia 
of iikIiui' by tlii> Iliihl pron'sa. and oil of caraway 3 40 Kraina. jicr 
pram of oil tVilli oilier lii|iicnr>. the inclliml rcconimcndiHl la to 
antiirntc tlic diatdlatc nith call, extinct with )M>(roIenin ether, 
allow the Milieiil to eva|H>rale at .i low tein|H'rnlnn', and weipli 
the icMihial oil \ leieni Kreiieh decree lixes the mnximnin of 
total esM'iilial niU in lll|llelll^ .11 II .'i pniin |K'r Idle 
(' r .Mnllelet- |niiiil- out that ‘•nice iiieiithol diK'.s not aliaorb 
iiHliiie. It Is well to nae the extinetioii inethiHl jiiat mentioned in 
extiiiiinnip |H'p|M'rminl liipieiiia. otherwiae added iiuiithol U not 
deterlial One pram of oii of |M-pperinml wiii aiimirli 0 4.1 pram of 
iialine . heme if the iodine \aliie of liie oii extracted fioin |H-p|a-r- 
miiit hi|nenr be pi'lroli'inn ether is deterniiiied the n'<uill will indicate 
whethei menliiol Iiiih been addeii 'I'liis author alao reiiiarka that 
iii|iienin which hnce lieeii coloured with enramel may yield iliatillatciB 
eontainine iinsntnrntecl (furfiiralilehxdie) eompounds derixed from 
(lie enramel 'I'lieM' would abeorli iodine, and to that extent viliali* 
the leaiiltH olitained by the liHliiie (imeess 

Miittelot also di‘M'iilies tlie follnmiip melhinl of enrryinp out 
the extraction tinaesa of deteriiiminp (he total i|nantdy of raaential 
oUa ill hquenrs Two hiiniired e e of the aainple an' mixed with 
T.5 r e of water aiici diatillisl. 3tNI e e of diatillate la'inp eolleetrit 
Fifty praina of finely ■|Kiwden'd ncHliuin chloride are then diwuilved 
in the diatillate. and the aointum la extraeted three tiinea with 
petroleum ether (b p alKuit 4tl'). iisinp Ml r e , .’i e e . and 5 r r 
The petroleum ether •ailiitinn is dnial with a little anliydnius aodium 
aulphate. and remorial to a cainieal weiphing flaak. which ia fitted 
with a cork carrying ^wo piaaa tiila'a. The ralrent ia eva|x>rateci by 
paaaing a alow current of air through I ho flaak while the latter, in 
the early atagea ia maintained at a temiXTatiire of about 39* to 
30° The evapontinn la eontinued until the weight of the eontenta 
of the flaak does noi, diminiah by moro than 2 mg. after continuing 
theaur current for five minntea. Kxpaimenta with aniseed oaaenco 


> Xaa. Faliif., ISlt, •, IJ7-iai. 
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and OhartrcuHo rwnrv Hlinw-nl that thr kwa of nnonliai oil in 
ratimatinna by thia metlKKl naa li'hs than onr-tenth of thi- quantity 
* jinucnt' 

Compounded spirits" ia a Ki’ncral term iiiilil'nting 

H|iirita which have hren awpclcncfl nr flavoured, nr Imth It 
iiieliidea Mieh iireparatiouH aa );in, alia' gin. ilritiah hranilv. iniita- 
tinii nim, liqiieura, and ronlinia; hut the term is not eonliiied to 
heverajina 

"British compounds" are defined in aee fl of tlic 
■ iS|ilrifa Art, Iflflfl, aa “aiiirita naliatilled or vhieli hare had any 
flavour roniinuniential thereto, or inf;nahenl or iiiateruii mixed 
therewith " 

Por eertain liaeat |iiii|KiM'a ill iniineetion nitli allouaiires nil 
e\|)orted apirita. lheai‘ an' “dia'iuiat to he jilain apirita oi apirita 
in the nature of apirita of nine, iiuleaa thev are pmxed to tlie Milia- 
faetioii of tile Coiiiiuiaaionera |nf f'liatoms and KxeiseJ to liaxe laam 
diatinetly altonal in rhoraeter by leiliMillation uilli or li\ tlie addilinii 
of flavnurinir matter " (Sue .'> (2) of I''innnee \et, I'HI2, .is amended 
hy See fl of the Itexriiue Art. I'Mltl) 

There aie a fen ntiier ti'ima eomiiioiilx iiaed in (ll■nll 1 lj; nilh 
apirita which it max he eoiirenieiil to iiieiitioii hen- 

"Enumerated spirits." i'«r the purposea of the 
t'lialnina tariff, lirandy. rum. iiiiilalioii rum. and lienex.i an- 
(hiaaitiial aa ''emimeniteil" apiiita .Ml otliei impoilial apirita 
aril clnaaifliai aa " unenniiieraled " , tliey max lie lillier sueeleiii'il 
or uiianeeleiieil 

Sweetened spirits an- ileaerila-il m the rexenue re|!iiln- 
tiona aa “ apirita to nhirh iiiiy nintter liaa ia-en added nftei dialilla- 
tinn, ivliieh iniparla to tliem tlie qiiiihtx of aneetiieas and pnaliiiea 
olMeuralion to the aiuouiit of over Oti la-r eeiil ” 

Liqueurs are not deliiieil hy alatiite, lull ollieial Iei;ulatioiui 
deaeriiu' Iheiii, aolely fiom the rex-eiiiie |aimt of xiexx, aa ‘ laiiu- 
|ioiindrd apirita, the iiii'n'ilieiita in nhieh interfere xxith tlie enrirrt 
action of the hydnimeler " Britiah liqneuta an* dermni to ineludo 
ail axxia‘tenrd nr otlierxiiao “ oliaeuretl" Britiah eomiwunda, including 
eaaeneea and perfumed apirita, of which the true strciq;th cannot he 
aarx-rtaincit xiilhoul diatillatioii 

Tinctures, aa uanl ill pharmaey, aiejimpcrly preparations 
obtained (i) by macerating or percolating enide drugs with alrohol 
(r } . Tinetiire of Myrrh, B P , Tinrtum of Kraroeria, B P) j 
or (2) by diaaoiviiig deftnite rhemiral aiibataneea or proximate 

• dan Ckim. Anal. lOia, ei, 90-S3 
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princi|)1t‘a ni alcohni (Tim'hm' of Term* ('li1on<l«*, Tiiictun* of 
CouHiarulin), nr (Jl) <h^snh’in&{ fXtnirH. H»‘ of Hpijsh wh’j 
alrohttl (Tini'tiin* of Iniiiaii Homp) TJirn* aro, lutwoviT, other 
prciNinitions to uliieh the name '' tinctiin'x *' has lieeii a)»plieil uith 
flome qualifieatKai . *' etlmn-al " tiiU'tures, ami * aqueoim ” 

or ‘\cUts*nii " tim tim's 1'he ethereal tinctures jm* preiHinx! 
from cettain h> aulHtitiitiiiu ether tor a1<‘ohol 'Hie aqueous 
or glycerin tinctures aie in.ule hy umh^ instead of aleoh(»l a mixiiiro 
of g],\eerni uater. ami lUelie and to extiaet or dmsolvo the 

druK 

’"rmetun*'*, ’ for the puiposes of draMhaek under tlie llrilmh 
Hm uI le^rululions, no hide not onl\ ineditiniil urtnies Hiieli as 11 io»m‘ 
mdieal(‘d above, but al^n liavounnif eiweiue'* and tMTfunuHl Npirite 
M(aen\ei s|Mriluoiis toilet Miiopir's and Haleis, dentlilieeH, lioir 
washes and brilliantines, are aUo foi Ihese RiN'eiid jiurpoM's dis'ined 
to be “iN'ifumed spiiits*' and arc thendon* included ns 
tinetiires 

Essences, m flnti^b iis(i;ri wliere spiritH ure eoiiiMTiied, are 
aleolinln solutions of t1.i\oiinin;s or ])i‘rfiinieh, and soinetiinea of 
medhinal siib'<laii(t‘S In FMiue and some other parte of the 
roiitimnl. '*e^sell(e ” denotes u \olatile oi); in the United Statee 
sDiriliioiis tla\ourmi!s. eti , are known an “extraetH" Kxamplen 
oi <ssen(<s uie the I'^seiietsi ol almonds lemon, ]iep|NTmiul, and 
vanilla amongst the tiu\ourini;s , of ,imbi loiis, iK'i^amot, and i ivet 
111 tin piTfiimes, and of eamphor, pi]isin, and Kmnn amongst the 
inediiinal (ireparations 1’he pio|MUtion of disaolviMl oil or other 
aetiM* Miibstanee in tlie csheiiees \aiies I'onsidiTably , thus essern'O 
of lemon inav contain am thing iM'tMieii f) and !l(t ]mt eiiit of the 
esneiitial oil of lemon Maiii of the < st,emeH *' art‘ ipiite Himilar 
to ^ spirits '* of the saim* substam e except as legardH the jirojxuiion 
ofdLssolMxlmgii'dient , amleveninthisusipert theieiKiioneeis^Harv 
difference, though the " spirit *' is generally the niher in the active 
iiigreilicnt Kxampb's art* essence of einnaniou and apiiit of 
cinnamon, chsenco of ]a‘p|ji‘rniint anil spirit of pcpiMTifliiil Tho 
two spirits " arc oihciul in the ]'harniaco[Ki>ia, and contain, os 
do most of the other H P imNluinaispinls lOpercoiit (byvolumo) 
of the reH|)cctive cssi'Otial oils The two esscneis may contain as 
httk* as 2 or 3 [ler ccgit of the oils 

In the United States tho Aasociatiun of Oflieial Agricultural 
Chemists have agreed uiKin certain standanl strengths for extracts 
(cfiscnct's) used m Havounng foodstuffs, Is follows 
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tiingrr i-iurnoi' (pxtrart) in tn cnntiiin in IINI r i- llii> aloolinl- 
iH)lublc maltpr of 20 f^nw n{ ginger 

Tonka inwm'r ia tn rniilain 0-) per cent by weight of eoiiiiiariii 
and a cnrn'B(ionding pmimrtinn of the cither anluble nialteni of 
tonka lieana 

Vaniila emenee ia to miitain in 1IHI e e the Hohible matter of 
III fp'aniH of vanilla heanii 

Tho analynia of thew varioun esaeneea, iK'rfiiiiiea, ii]>iiil>.. and 
tinotiirea, ho far an the* alecihol le eoncrriied, ]in'M'iits no s|M>unl 
dinieiilty, as a rule The oils, etc. ate evtraeled with |H'lioleiini 
ether by Thoria* and liohni'H'ii inethexi as deKcnliisl in Cliap VI, 
the aleohol dixlilhsl olT from the aatiirnliHl salt Kohiliun, and deler- 
niiiicd an uauai. 

For tho eatimation of the eHsential oUh where the larger pni- 
IHirtionH are prriient. the following method can geiierolly lx* 
employed ‘ 

To 10 ee of the esHenee pi^K'tted into an oidinary Kiilii-oek 
niilk-leating bottle are nddcsl in the order given 2ri e e of eold water, 
I e r of h.vdrnehlnrie acid (»)i gr I 2), and 0 ."> e e of ehlornfomi. 
The month of the Ixittle la eloaed with tho thumb, and the Ixittle 
vigoroualy aliaken lor not Ichh than n minute In this way all 
tho oil ia diiwolvcsl out by the ehloroform. The bottle ih now 
whirled in the eentrifiige for one and a half to two iiiiniitefl, and 
the reanlting elear anpematant 1u|iud ia nmioved to within 3 or 
4 0 . 0 . by nieana of a glaaa tube of email bore ennneeted with an 
aspirator To the reaidiie, I e.e of ethi-r ia addixl, and the eontenta 
of the bottle well ahahen Tho bottle helil at a alight angle ia 
then ji’aeisl up to the neek in a boiling water- nr steam-bath, in 
whieh it is kept for exactly one minute, a gentig rotatory movement 
being meanwhile imparted to it The ether prosent serves to sweep 
out all traces of the chloroform, when thus treated. Finally, tho' 
Imttlo ia cooled, water adflis] to bring the separated oil into |he 
gnduated neek, and the volume of the oil observed after ivnlrifuging 
> U. D. Itowuil, J. .liner, t'teia. Hx., IMS, N, MSl 
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for half a ininuti', thu n'lulin); lioiii)' takrn at thi* biiihint part »t 
thi* iiiciiiM'Us With the liraMiT oili. siiili iii ajiitcijpvrii, ililiiti'il 
aiil|jliiirir aciil (I i) U'lti’r Ihiiii uatiT fur M‘|uiraliii|> llio uil 
III this caw sliakiii)! ahiiiilil Ih' n\iailril anil the lcni|»'ratiin‘ kept 
bclim- 2.',' 

Tlic above inctliiiil ia iiia|iplirablc when the pri>|Nirlioii of eawMitial 
oil ia viTy amall. aa in llariiiinal lH'\cni|;ch iiiiil aoinr meilieineH 
In ciiich caM'a, it ih often piaitieable to make an approximate 
deleriiiinatlun by (listillni|! tbe hijiiiil anil evtraetini! the iliatillate, 
Buflieiently (liliiteil. vith ehloroforiii or eailion tetroehlonile The 
iutlinr abMirplion of the oil iIiiih evtraeteil ie tlieii deirrniineil by 
aikliiif; lliibl'n or Wijs s imliiie Holiilion to the ehloroforiii or earbon 
tetraeliliirnle extract, anil ]iroeiH>iliii}< as iiHiial A eoniparison 
FX|K‘rinieiit ih iiiaile at the lanie time aitli a solution pri'jiansl to 
imitate the Hiiiiiple iimler exiiminalion. but eoiilainiiiK a kiiouii 
qiiantiti of the oil in i|iiehtioii Tlim Miliition in ilintillisl, anil 
treated mile by side uilli the sample, m> that the n|M-riitionH an- 
aiiiiilar in all rrH[MstH Fnini the ri'siillH the a]iproximate (piantily 
of rasential oil e.in be ealeiilated It Im'BISi the haiiie ratio to the 
known iiiiuntili ui the lonipiiiiMin .siiinple as the erirreH|)undint' 
ioihne nhsorptioiiH have to one another (This ih Htrielly eorn'el 
only il the iodine ‘'miIiich" of the two apeeimenH of oil ore the 
aaiiie , but lor the Hinall ((uaiitilies hen- eoiieenmd the lariationa 
are of no lAomeiit) 

Geiienilly, 2,1 or .’ht e e of the haiiiple may la- diluted and diHtillwl 
till 7.1 or Kilt e e have |NU,sed iner, the diHtilhite extracted threo 
times, w ith 12, K, and ,1 e e of elilonifnnii or earbon tetroehluriile 
(21 attngetherl, and 1 or III e e. of lliibl h or Wijh'h ioihne Holiition 
added to the Hepnrntisl extract A “ blank" expennient on a 
aimdar i|iiantit,\ (2.1 e e) of thu solvent is of eontae made in thu 
uaual manner 

Fairly gooil deteruiinatiuiiH of amall quantities of isviential oila 
can alao bo made in many eoaea by saturating the distillate writh 
sodium ehloride, and extracting the od witli petroleum ether, os 
in Thor|ie and Holmes's methial fur purifying alcohol Tile 
petroleum ether ia aJIownl to ei-aporate at the ordinary tempenturo 
in a taied beaker, and the residual oil weighed. (Sec also the 
methods described under “ Liqueun.") 


VII.-BKKR 

In general terms, beer is a beverage srhich has been brewed, 
' fermented, and bittered. Formerly, and typically, lieer waa 
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brewed {rum malt, and hittcred with hojia; but aiiKani and atarrhy 
nuliHlancro utlifi' than malt arr iinw ciimmindy cmplojnl, and 
bitli'ra other than hopa an> iiscal to a ainall rvtrjit In the I'nited 
Kni|;d<iin, larr w li'{;ally “any liipinr which la iniulc or Mild aa a 
description of beer or iia a hiiUliliile lor Imer, and which on analyais 
o( a aample thereof at any tiinc ia fnniid to eimtain more than 
two pi'r cent of proof apirit ” ft “iiieindea ale, ]iorler, apnii-c 
Iwer, liliick his'r, and any other ilcacription of beer '' (ID V'dw VII, 
c H, a ri2) A later enactment exeindca fnim the lefial dclinitioii 
of lasir any " liquor mado elaewhete than ii|mn the hcenaed pn-imaea 
of a brewer for sale whnb on analyaia of a aample thereof is found 
to be of an ori|;inal ffniMly not exeiK'dinj! 11)10 deiireea, and to 
lontain not mon' than two per cent of pnaif apirit ” (o (liai V. 
e 7, a 8) 

“ Ale ’’ niiH at one lime diatinet from beer, as not being bittered 
with hopa, but the term has lung Iweii uaed iiidiainminutely with 
“ beiir “ for the li|!hter-<siIoiiied Mirieties of malt liquors ns distinet 
from stout, |H>rter, and black beer 
At the pn'seiit day, the lighter kinds of bis'i di link m this country 
eimtain about 0 or 7 jier cent of pitsd apiiit,^ mid tlic oiiuinal 
s|Ksilic. grill ily ol the wort beloie Icrnieiitution is iismilly iihoiit 
1040 to lll-t.‘l (water KKKt) Ordmaiy dinner ale, istli' ale, some 
makes of “ porter,” lager beer, and the Isrr geneially aiqiplied in 
piiblio houses eontains alaiut 0 to II |h '1 cent of jnisiF spiiit. and 
is of apiiroaiinately 1050 1055 original gravity Heavier beers 
and stout range fioiii alioiil 1000 to lUUO degrees of origiiial griiv ity, 
and eniitain 11 to It [nt cent of prisif spiiit, whilst sjasial kinds 
of “strong ale" may la- of more than 11181 oiiginal gravity, and 
vsinlaiii up to 20 )a-r eeiil of pniof spirit 
niemieally, Ikst consists of a weak spirituous solution of various 
sugars, acids, dexlriiis, proteins, flavouring and colouring matters, 
with a small quantity of mineral conslitueiils, ehielly phosphates 
and Bulphati's 

On distillation, the volatile constituents are separated from the 
beer; those consist, a|iart from water, of alcohol, carbonic acid, 
acetic acid, and traces of lumor constituents such as essential oils 
and higher fatty acids. The non volatile constituents are usually 
referred to as tho " extract ’'—more appropriately as tlio “ residue," 
Thu most frequent analytical oiwrations reqaiml in the examina¬ 
tion of beer an- tho detcrmmation of tho proportion of alcohol and 
• 

* Hut n*fen to uumiid cirauiastHiiciM, opart from woi cundiUonit • Tho 
kiiidb !•( “ war “ brer (191K) cuataiuod idwut 3 |)er coitt uf |kroof 
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of the **orieinft 1 ” HpiH'ifio grAvitv In mww raisef*, an estimation 
of the earlHtti <(io^ule. the atetn' neH. the uitiotfenouh f'on^(ltlUilt'•, 
ai»i the mineral ln)n^]^ent^. i*ft|H>eiiilU the ehI■lrl<le^. may 1 m* 
ro(|iiire(l, amioreaHioiiatK M'nn h iniiM iNMiuideforhittiTMilietaiieei 
other than anil for poHetvativeh llie exnitiinalion of the 
tietT for sneeJiariii is also of some iiiijiortaiiee. n'« the aihlition of 
this Hulihtaiiee to Imh*! h pnihilnteil hv law 

Original gravity. General considerations. Deer 

in tliH eoiiiitr<k is not taxeil ii|ioii (he aleolio] it (ontaniK the ImsH 
(if taxation is the s|K‘(‘ili(‘ i;ra\ity of tin* iinfernient(*il uort KsHeiiti- 
ulh the noit of ta'er ■'< a Kolulion of iiiiilliNlextiiiis am! various 
sugars iimllose, (1e\tros(\ earn* siipar, anil iinert-MiKar eitliei 
arisinj; fimit tlie malt anil j^ruin used, or ai1ih*d am siieh As soon 
<is fermeiitation eoiiiiueiiees, the siHeitie gravitv la-pns to alter, 
ami (he linishi'ii Inmt is ol loner density than the oiimnal wort', 
for two MMsoiis hrst, (he ilestrmlion ol hv rrmieiilation 

emoves solid matter lioin solution, ami Hei'omn;^, the aleohol 
/iroiimrd is s|Msitieal1v lighter than the wort 'hie onginAl 
speeilie piavitv of the uiifiTnieiili'd wort ran. honeviT, l)e 
asiertaini'd l>\ thi aiiaivsis ot the partljk-fermeiited wort, or of 
the linislu*d lM*er, n- the raw* may reipiin* 

As a lirst approximation, Kiieh an analvaiH mi^ht In* hawsl upon 
tl" well kiioun ei|unlioii.s of (lay l.ussae deiiotiiit; the eonverHion 
of iiirur into aleohnl With maltosi', for (*xaiiiple 

rijiijjOjj : n,() 4(vi4 0ir i -k'd,. 

and it IS readilv eiileulable tJiat lOd parts of IhiH siipir vield thini- 
retieally oil 8 parts of uleohol lleiieo hv deterininiiiK the quantity 
of ulioliol jii a given speenneii of wort or Immt we inii limi thn 
e(]uivaleiil amount of Migardestiuyeil, and from the known deiiHity 
u^solulnmti of maltose we euii tiius di*diiie the eorn‘s|>oi]ding losa 
of aiH'dfic gravity Alsu we ran determuie the aetuul aiieritie 
gravity of the jVHidiial w'url or beer fm*!! from ali ohol. ami rnin'eiuig 
thiN for the loss as above awertauied, w’e can, theondieall.v, obtain 
the original gravity of the wort 

In jinu’tieo, however. Uuh m not auflicienllv meurate A part 
of the sugar destroyed w not converted into aleohol Moreover 
dilTerent sugars art^ prew^nt, and (hey do not all yield tin* same 
proportion of alcohol Again, the uitriHluetinn of V(*a»t coiiiplieatOH 
the inatter, 8101% patf of the solid matter of the wort is used up 
in austaining the. grovrth of the yeast, and a M'ii«ble quantity of 
alcohol may be added as such with thoi yeast itwif llii^si* ami 
other dUturbing factors, small individually; together intluencc the 
testtli sufiiciently to render the tigures given by the simple theu 

II » 



'"in' AtdOHOI. 

rotiral method, an outlinnl above, only an approximation to what, 
uhtaina in mtual l>n>werr oprrationa 
a We have, in faet, to fall back upon an enipirieal basis for the 
caleulation of results sufficiently oeciirate to b(‘ used in praetico. 
Starting with representative worts of known si)rrilie gravity, 
ex|irrinirntttl fermentations have been carried out From the 
examination of samples drawn as the opiTation proceeded, the 
actual loss of gravity consequent u]X)n the production of known 
qnantitusi of alcohol has been determined The results have lieen 
emhodied in statutory tables for use in assessing the iliity on beer. 

The first “ original gravity" tables were constructed in the 
year lfM7 by Messrs Dolison and Philli|)s, of the Inland Kevenne 
Department Tlicy were drawn up with eonsiderable care, but 
some discussion having arisen, the whole matter was referred a 
few years later to Profs (irahani. Ilolinann, and KisIwihsI, whose 
n>port was jinwnted to the authorities in liCiS, and publishisl the 
same year in the .hurmil of the ('hrmirnl Nurirlii' A new table 
was drawn up, and subsequently iinsirpomleil in the ,Sehislule to 
the Inland Revenue Act. IKNt) An exliaiislive revision of thin 
table was carriisl out during the years ItNItl ID by Sir Kdwanl 
Thnr)ir and Dr Horace T Brown, the work inelndnig. not only 
lalsiratory experiments, but iin extensive senes of ohservalinns 
at representative breweries, m onler to obtain data which should 
eorn-simiid fairly with the aetiiiil working eniiditinns met with in 
nioilern bri'wing piaetiee 1'lie revised table, of wliieli a copy is 
given on p ITD, was legalised by the l''iiiaiiee Act 1914. lor use in 
determining the origimil siweifie gravity ol Ihst in the t'nitisl 
Kingdom ‘ 

Process, (ii Distillation method. Most of the 

enrboii dioxide is tint e\|a'lled from the beer wliieli is readily 
dune by pourinu it hiu'kwanls and forwanis from one lessel to 
another in such a way as to make it froth Where many samples 
are examined, a small stim'r or whisk actuated by an eleetrie motor 
is eom'enient for the purpose 

Worts or unfiniahisl lieem containing a sediment of yeast, etc., 
an‘ required to b<> tiltensi 

A convenient quantity of the beer—7.5 e.c will suffice--is 
measured nut at (10° F and placed in a diatilling fiaak, the measuring 
flask being rinsed out with about 20 c c. of water and the rinsings 

■ Vol. g, m 

' Fbr w flitter eccouiit of tiie above subject, and for a valuablo study by 
Dr. Brawn of the eeientifie pnnciplr* involved, ere tne / /nef Bmnng, Mi 
No. 7 (Vol, 11, new eenee), 1914. 
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uldi-d to thf main quantity, uhioh in then lUatillnl Tlir liiatillato 
ia mxuriil in thr oria;inaI 75 c <■ ltks]< until aliniit four liftlih (fit) t- c ) 
hiui liiTii I'olln.'tMl. itb ti‘iii|M‘raliirr is thru iiiljUKtcil to HU" I*' 
luul Its \iiluiiic miulf U|j In 7.5 ee Tin- H|x-('ilii' (travity of Ihi' 
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distillate, referrril to water as IMIO, is then det4-rininrd with n 
SO re or (preferably) a ItJtlU-grain pylmometer, and the result 
snbtnirted from 10(10* The dilferenee ia termed tlir “ spirit indieo- 
tion.” and the ronesponding number of “ degrees of gravity lost 

H U 2 




«8 


AUlOHOL 


eaa. 


diirinft fprmcniatinn ” ix found from (ho nroniiipanyini; tabln 
(TnUo I, |i 470) 

Mrnnwliili', tlio rpxidiip in the dialillini! Ilil'•k ih ..led luid uaHlinl 

into anotlirr 75 ■' r llaxk, (hp tPin|M'rnlun- adjustrd to 00" K, thr 
volnnip madp up to To pr with natpi, anil tlip aiippifip );rnvity 
dptprmini'd ITiia in Ihp “pYtraet j'lavilv” Addin); to thia 
thp “dpi'n'ph of ^rnvity lost.,” aa above determined, we fjef the 
original apeiitie gravity of tlie liper or wort 
Where, liowpver, the aridity of the lieer ix greater than 0 1 |ier 
Pent, raleuinted ax aerlie and, an additive eorreetion ia reipiin'd, 
to eoin|ieiixatp for Hirahol whieli lias las'ii nxiilixed to luetie neid, 
fn the otlirial iiiethiKl the anility ix iletei iiiineil witli ii standard 
Hohition of aininonin, iixing litiniia pa|ier as iiidieiitiir Vmin the 
result, expressi-d in terms ol .aisdie in id, and as a )K-n'eiitni'e of tile 
aampir, 01 is disliieted, iiiiil tlie n'iniiiiider, hy refen-iiee to tlie 
annexed taliln (Table No III, p 172) i!i\eh tlie eoriespoiidiiig 
eorn'ption of llie “ spirit indiuition '' 

Ejmmple ■ 

SiHsilii anvMly of iliHlilliile <ixa l.'i 

„ ,. e.\tnu‘t IIIJJ ;!i 

Tlion ''flpiril iiiiliuutioii *’ l(HN) jiHN l.'i 11 ,m 

l‘'rom Table No I, thin apiiit indieation .72 m)deans's ul griiiity 
lost lienee, if the lieer eontanis no eMs'ss of and. 

Original gravity 52 00 | 1022 2.7 1074 !<,7 

If, however, the Iust eontaiiis, let us say, 0 3.7 |xt rent ol and, 
pilleiilated ax aeetie iieid, then the exei'ss, after deduelnig U I, 
0 25, whieh from Table No III I) ,33 degn'e of spirit iiiiln iition 
Aililmg thia totlie aetiial nidieatiiiii, wp get 1155-1 0.33 - HIM, 
tlie eurreeted spirit indieation, whieh ^ .74 2.7 degiees ol gravity 
lost Wheiiee the original gravity - .74 2.7 i 1022 2.7 - 1070.50 
Tlio 0 I |H>r ppiit anility was taken ax the iiveriige aeulily of 
unferineiited wort in I'nifx Graham, Hofiuaiiii, and I’edwood's 
ex}ipriinents. It may be noted that fresh wort nnilains 2 irneti- 
eally no aeetie or other volatile and the andit} is elnelly due to 
laetic arid 

When the pro|K>rtion of volatile acid is very high, it alfeets the 
spceific gravity of tlio distillate and so prevents the accurate 
doterinination of the spirit indication In tliix ease, thr distillate 
should be ncvilralixed with solntion of xodiiiin liydroxide and re¬ 
distilled Tlie dctoriiiiuatinn ol thp aeetie aetd when the jiropor- 
tion is higli is best dono by distillation in a current of steam as 
desuribeil for wine Alternatively, the total aridity of 50 r e. may 
be detiTiiiiiied with standard aninionia and litmus jiaper as usual. 



XI 


SPIRITUOUS BEVBBAaBS 


461) 


onrt thn/((■'/ ai'klity on a similar quantity aftiT ovn]K>ratiou to 
drvn(“ss on a htoani-lialh. ami mlisaoivini; in Holor ■ the Tulalilo 
ariilitv in tlwn pvm liy the ilitTi-rmi'o 
'Iho “ Htandard ” ammonia may bo oithiT of dii'inormal ntreiifcth, 
or of sp i;r IMWti In tho latter ease, eaeli ei' urikI nqireaenln 
01 per cent of aeetie mid when l<KI ee of Imit are taken for 
titration 

(2) “Evaporation" method. In thm proeena, It ia 
not neei'ssary aetualiy to dintil the In-er The H|ieeifie gravity of 
the liMT, fnssi from eailioii dioxide as airiMidy evpiaiiiisl, in deter- 
mimsl, and then 1 !* ee or other eoineiiieiit i|iiniitity, ineaniired 
at lid’ !•’ . i» eiapomted liy gi'iitle lioihiig III a beaker or biinin until 
tile voiiiiiie H ri'diieisl to alwait one thml Dumig llie n)HTation 
eaie must be taken not to eliiir any of the nolul mutter The 
alroliol lieing tliii- exiK-llwl tile residue in eouli>d. made up at 
til)' !>’ mill ilintilled water to the origmal soluiiie, and the n|x>eilic 
sruMty taken this is the “ extraet gravity ” 

Kioni tills extinct giavity " dishiel the s|a'eilic gravity of tho 
bcs'i . till' dilleienee is the ‘'spirit iiidi(.ition " for the evajiora- 
tioii iiiethcKl l;<felling this to Table No II we get the torn-- 
s|S)uduig ■ di'giees of graiily lost," whieh, ailded to the ‘‘extract 
gri.ily,’' fiiiiiislien the origin.il gravity ris|iiired The correelion lor 
ex. esa aeidily is nmde in the same way an in the distillation method 
fi’icimpfi Sp gr of the Iwer, IfHlil i.'i Kxtravt gravity, 1021 4H 
Total ueidit \, 0 20 |H'r is'iit 

Then spirit iiiili> iition 1021 4H IIKKI 2.5 12 2.‘i Kxcuki 
aridity 0 20 0 1 0 10, which from the table (No III) given 
0 22 (Sirreetioii of spirit iiidieation , 

eorreetis] spt iiicin ■ 12 4.5 .5S0j drgioes of gravity lost, 

from Table No If 

Wheiiee the oiiginal giavity 1021 4S > OS 05 1070 011 

.An rompared with tho dintillation method, Uicuva()oration proeeiei 
is soinnwhat the quieker, and docs not riKiuire tho u-so of a stili 
But the Table No II ban not received the thorough revision whieh 
Table No I has undergone; mon-over, the distillation process is 
the one legalised for uno in this countiy 
It mav lie noted that if a suffirientty sensitive hydrometer be used 
for taking the specilic graviticn, instead of a bottle, tho original 
gravity of beer van be determined by the eva|H>ration proress 
without the use of either a balance or ajstiU. 

For rough purposes, it is convenient to remember that 1 per cent 
of proof spirit produced in fermentation corresponds witii about 
U S degrees of gravity lost. 
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Refractometric analysis of beer. Tli.' ix n-piihiBi' of 

airnhol ami of cxtriict lit luvr tan Im* oliluiiinl. iiiiil Ihi" ori);inaI 
l{rnM(.y iloiliiml, il flu- s|icoilic gravity nml the nfniclivc imlox' 
nro kiio»ii If Toriiop flnliorahil tho niftluxl at thr iiis|am-c of 
tho Norui-|;iaii (iotcriiiiioiit. anil a diwrijitioii of it lias Iktii (titi'ii 
tiy liiiiR anil l’o|a’' 

.Vililltioii of alcohol to water raiiM's n iliiiiinulioii of llic ii|ii'i'iliii 
ijravity of llic lattcT, ami an iniTi'axi- in ilt n-friii'liti- inilcv Tlir> 
I'xtrai'tiM' iii.llter ol hiri pivci an imri'asi' of Imth fa-l r, ho tin- 
ainoiint l)\ ulinh tho rtfitirtii'i ititfti is iitisoil h\ oaoli I per wnt. 
ol ali iihol, r. the oorn-spomliii); iiioronioni lor oaoli 1 por lont 
of o.xiraot 0 | tho .unoiiiit In wliioli tho A/iinyio f/iiiri/y w louorod 
In I poi ooni of aliohol and r, tho inoioiiiont for 1 jxt ooiit. of 
oxli.iit T.o1, furthor, .S' ho tho apooitio ttnivily of tho hoor, and 
I its rofiaituo mdo\. holh ll•follod to wator as unity, whilat 
.1 and K ros|Ks tivoly doiioto tin |a'ioi'nt.iuoa of iiloohol ami ostrnot 
111 till' hoor 'I'lioii wo havo 


I I ■ r, ,1 

.Old S 1 I c^^: Oj.l 


Kiota tlirsf tuu otiiiiilioiis tlic V 

.duos of .1 anil i 

t' ail' loiidily 

1 

n 

e.I.S’ 

1) 

Wt ' 

1 OjT, 

(1) 


I) 

1 '•|(■'>' 

1) 

. (2) 

t. 

A - 




It tho t.ihios of tho loiisianlH c,, r^, Tj, r,. an' dotonmmsl onoo 
for all, Ihoso oipiiitionx Kn*' -I and K, tho poioontnin' ol aloohol 
and rxtrui t in tint lioi-r. nhon .S' and r an' ohtaiiiod on tho aanipio 
f’l. fs. oto , aio, lionuvor, not htriotly ooiihiant. as tho lariationa 
prialiiood in the n'fraotivo indox and s[m i ilio ((rat ity an' not exactly 
proportionate tn tho ipiantiti of alcohol or oxinii t pmaoiit llonoo 
tables ate coiistructod. by moans of whioh, alloi dctorniiniiig the 
sja-citio gravity and the n-fraotioii of a sample, the jieicrnlagc of 
alcohol and of extract can Ih' read oil 
Detcrniinuliona of tho values of Cj, e,, r,. and hate k-eii made 
by Barth* The tigXires obtained, substituted in equations (1) 
and (2), givu tho foriiiiikc . 

.1 7.'j»8(i 1) 2#2i.'«(A' -1) 

A' = 338 0{r -1) f 130 3(S -1) 

’ J. lim. Brtmnj, IMl, 7. 17Q. ‘ Zaitch. ga. Uraua,, IBUii, 2t, 303. 
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Barth 'h mfiiltH Imvc In-m chi’fkiil hv J Kaco* nho fiiwls that with 
containini' up lo ahuiit 4 .'i |x-r rent iil alcahul the foniiiilft 
Rive Hatiafurtury nsulta. but witli hiRlicr pi-n cnliiRrH llii* tcndrncy 



Kk. 4 ii~muFiHiox HKiau'iDMiTMt, airii imrvTiMi a iTi.n-ii\iii 
.1. priam wlurli ili|is mtci |hi> li.itml in tI h' Kla«s liciii'alli. B, Mli nlth (tiorutiinwifr 


ia to give rather low valm»i for .1 niul A' Kor aucii Hamplra Race 
pnders tlio (>x])io>wiuiia -- 

.4-= 778(f- 1)--2!K)(S-1). 

A’^SflOfr- -1) i- 130(.S ■ ly 

Tomoe uimf a niudiliratiou of Hallwai'h’s priain for deterniining 
the refraction raluea, but the Zoias iiumeraion rrfractometei; or 
Pnifrich'a inatninimt ia more convenient 


. ‘ J. Sw cam. lud., Itoa. a, 544 
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When the percpntn)!i' <it aleohol i< ulitiiiiicil. (he iirii'iiial Knivily 
is readily ealeulated Fnuii (he funner, hy ndemiee tu imluiary, 
alcohul tablea, we find (hr apredie p'nvitv iif ni|iieiins aleuhol eon- 
taining the name priipiirtinii of nirohol aa la pnwiit in (he lienr 
Pednrtiiig thia from Klflrt, the spirit indie.itioii is found, and thmee 
the '■ degrees of gravity loat " 

Th^ apirit indie.ttiou jdua (he a|HH'ilie gravity of the Wr givea 
the evtraet gravity .Adding tu (hia (he degn'ea of gravity loat, 
we olitnin the nngiiial gravity 

Kmmplr Siipiune ive have a lin-r uith ap gr KKHIo and a 
refraetion reading B!l<) liy the Zeisa minieraioii n-friietuiiieter at 
Titl^ F I’eineniheiing that in the espn'ssion i I the unit ia (he 
n-fiae(ive index for mihi. I Xglll'i at (he aho\e (l■nl|a‘ra(llre, the 
e.ileiilation is as follovis 


li< ailiiia .ill II nriiiil, \(‘ I'lii.le, |i jis) laua? 

latMri'l iimIi'v tif uttliT . 13333A 

I 1 41 IKMIDi 

> I l4MI*t:i I CMHMIA 


lleiii'i', Harth''4 IIh* <»f Alcohol in ^ivoil 

h> 

.1 - 7.B H X :* X 0 

- 1 12 IKT C(*llt (h,V XU'ltfllt) 


Kioni the ohlmAi) Ahohol t.ililcx, lliis <orrc8|ion<ls uitli h n^mm’iHc 
^nivM.v 


H|iirit iii(li(uiiiMi 7 t 

h|> pi "f Hiiiii|iit moil I 

Kxliiu I piiuiiy l4»|iPl 

.\(1<1 KfHMt) 1 (h( 3J HII 

(liigiiirtl piiivit> 10411 70 


.)J KO di'^io *(1 tif ' piaiMly liwt 


In praetire. lengthy lahulatioiia are ohviatisl liy the uar of 
apecial tabira whirb rorrelate the itninrrsion-n'fraetnineter readinga 
directly with the apeeilie gravity and thu onginal gravity. 

One aueh table la given biOon It la iiard aa fulluwa; lad 
R diainte tbe refraction risuling of tbe beer by the inimeraion 
instrument, and D the ajiecilie gravity minm KHg). IVdiiet J) 
from R 

Then enrresponding with the value’of R — I) thus obtaimal, 
the table givea a number. .V. which added to thu apeeilie gravity 
oi tbe beer givea the original gravity of the sample. 
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/i n 


’ // - /> ! 

K. 


Hi 

no I 

I 

• Ih 

74 

' 11 ' 

42 7 

IM 

in:i 

aj ; 

I.12 

2(» 

1.1 j 

;ia i 

47 7 

21 

1.10 

»l 

.11) 1 

»1 

1K7 

:ii 

til It 

ii! 

21 1 

nil 

.11 1 

n 

212 

17 

r>7 (5 

22 

2(5 

.(s 

1)1) * 

2(1 

2*) 15 

5'» 

(52 li 

27 

.12 2 

Ml 

01 0 

2‘( 

:U') 

II 

liT .1 

20 

:57 1 

IJ 

7(1 M 


Kxiuiiplc IjcI till' i|H'('llii' ^'riiiili lie IINISti. .iiiil llu' 

ri'liiii'tiiMi n'luliii)! Ill) ■') 

'IVii l> Mti, mill R I) - 21 !l Kiiiiii llii- talili', li\ 

iiili'rpiiUtiiiii. dll' viiliii- Ilf .Y 11 fniiiiil (n In- 2li-li \iIiIim)' dm 

111 dll' iipmlii' i?r.i\ily. lU' (ii'l Hliisti |-'itili r: |i);t.'i2 dio 
nnpiinil iingiiiiil I'riirily Kiir ni'iil.ii iii' llu- iiili'rpiil.itiiiii 
viiluii an', of I'oiiiii'. Iiili'iil,ill'll out .iml l.iliiil.ili'il oiiii' for all 

Estimation of carbon dioxide. 'I'Ih' inoiMiriion of 

dlls I'oiislitiii'iit ilis'i Hill, \ar\ imii'li iii palat.ilili' Ih'it, i.iiii;iii|' 
Froiti iiboiit 0 2,1 In II -f |a'r I'i'iil Thi' taito .aliiiii' ii .a icihsI l'imiIi', 
as lii'iT willi li'ii Ilian 1)2 |K'r I'i'iit ot I'nriion ilniMili- laiti'S 
• Hal " 

If dll' lii'i'r IS III I'ask, a ipiiuitity of 2U0 to .tllll iii'aiiis is iliaaii olT 
iiiln a laml llask littcd aiUi a " iraHli-bnttli' " arrani'i'nii'iil ot tiilM',i, 
liodi I'losiil nidi iliorl pii'i'i's of rulibi'r liiliiii); I'arryim' piiii'lii'iii'k.i, 
Ry iiii'iuis of dll' iiK-ks anil an air-jiiiinp tlio )inisiin' of air in tlii' 
llink 11 mliii'nl, tu farilitati' the lakiiiK of tin- saiiipli' .Vfti'r 
ivi'i|{hini{, till' llask I'onlaiiiinj; the drawn-ut) iiuantity is ronneeted 
lip with an apiwratus of siiila-linii' tubes (or |Mitiiili liulRs) fur 
alisnrliiii); the I'liilsiii dioYiili', iiiiidiir to that ilrsiTilHiI for (ho 
estiinutiiiii of nii'llijl iili'uhul by Thiir|a' and Ifubiii's's iiicdiod 
(p IS!)), The pini'hi'is'k on (he eut (ulm of the Itaik is o|K'nrd 
very ean'fully a( first tu proM'nt too rapid escaiK' of the carlmn 
diii.\ide mtn the alisorptwn (nia's, then (he flask is gradually 
lieatiil to gentle boiling, to expel the earlKin di ixide fruin the beet, 
and finally a eiiin'iit of air friH'd from eariion dioxide is aspirated 
ditiiiigh the Hask, and die aiisorptiuii tubes neighed: the meresie 
in neigiit aiiows the neigh! of earboii dioxide m the sample • 

If the bi'er is in bottle, the cork may be pierced nith a champagne 
tap, or with a eork-burcr, over the blunt end of which a piece o{ 
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htont niliber liihinjr <>.irr\in|T n pinolicwk has l)cen jiurtstsl Thp 
tap, or the IiiIh*. thr iMst* niav hr. is thru ronmrttsl \iilh tlir 
ahsorpiKMi Ir.nii .ind thr hntllr pliK-rd in lohl M.ilvr Thr tii|4 
or nM*k Is opriud < •iu(ioiis|\, niul whi'ii tlir ^Jis ha^ cimmsI In inis'*, 
tlip wntrr is >variut‘(l hIhwIv !*» almut and Krpt al this trin]H‘in 
turo for nhuiit half an hour (hr hotllr hnim shakrn fn'i|iirnll\ 
At (l^r riid of (his prnorl (hr ho(tlr is iriinnrd and a niririit of 
air friM'd from laihon rhovhlr pussiai as lirforr 

Ihdth's Mith MTr\i stop|HTs ina\ }n' rooird down in ur aalrr 
and (hr ^(op]lrr t.ipnlK ri'phnrd h\ a tiihhrr sto|i|M>i ti(trd with 
a tulH' and piiirhrotk, or with ii filash tap Sonii* lms wiW oftrii 
rsiapr hiil this aftri alt. is uh.it uoiild hii())M’n and t«i ii ^irati'i 
rxlriit. if IIm' lirrr urir jiotiird out fni diinkitit! 

Proportion of alcohol and "extract." 'rin* lApm 

nirntal •hiH tiiriiishrd h\ tin* drlmniiiation of thr oii|!inal fiiaxiti 
hv (hr distillation pimvs^ allow of tlirsr «|iiiiiititirs ltrnii{ olitailird 
li\ rrfrrrini; thr sprdlir i^iaNitx of (hr dislillatr to thr onliimu 
alroliol tabh's fp ur i^rt (hr pro|i<irtion of ahohol 

Drdiirtini; ItMMl liojn (hr sprrilir ura\it\ of (hr rxtrart, and 
iliNidiML^ tlir iriiMindri b\ .1 Ht>, (hr (|iiotirnt drnotrs (hr giaiiis o| 
dl\ rxtiai't III HMIrr ot (hr brrr 

Kiirtlirr (\aniiiMtioii of (hr cxti.nl in>inilly ri'solvi'M into 
a rlrtriiiiMialion of (hr nslin iin; sugars m Irims of innKosr rriidr 

inahosr. ‘ ap]iarr*n( iiialtoH* 'j, (hr <li \(rinoiis niatlriii (* a]>]Niirii( 
dr\lrin I (In |iin(rids, and (hr ash 
Sug'ars. A roniriiK'nl r|iiaii(it\ 111 (o rr ationlinif to 
thr amount ot solid in.iltrr in thr rxlttirl is diliitrd uith uatri 
to 2ot( r r and thr mi^'uis arr (Irtrinniird on THI« r of thr diliilrd 
Inpiid Thr L'laviinrltn Frhtiniz piotrhS is uriirialU adrrptrd. 
arnl tlir irsiills lur ixpn'ssrd in trmis of inaltosr 
Dextrins. \ rpianlitv ot rxtnnt r(|iial to Id < < of thr 
oiiiSinAl iH'rr ma\ hr tnkni, and thr drxtnn lixrlioKird hy hoiliii^' 
for four liouis with •ftt rr of iiomial Milphiirir and Aftri 
n(‘Ulmlising thr aridity, tin* total rr'diiriii^ augurs an* drtrrininrd 
with Krhling'a solution na Ix'forr Ihdinling tin* ' np(mn*nl 
iimltOiK*,' as nbovr detrrniiiusi, thr rriiiiiindrr is rhlMilutisl to 
dextrin 

Othrruiao, (hr optnal rotatory tniurr of the licf*r la drtrmiinrd. 
('min the angular \aliie la drdiirtod tlir iiumher fif grama of nialtoHe 
jK'rJddee /• I !'7 Thr mnumder, dividH hy 2. givra thr inimWr 
of grama of dextrin in HNt r r of the Ikst 
I^O teids.—Tlie total nitrogi'n ia estiinated hy Kjrldahl'a 
prooe&i on 20 or 25 e c of the l«oer, evaporated to near dryne^a in 
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the Img-necked flaak lued for the dif^ntion with Milphurir acid. 
Percentage of nitrogen X 6‘2!i - per rent of proteide 
Mineral constituents. - The total ash may be determined 
on 29 e r of the brer, find evaporating and rharriiig the eolida over 
a low flame, then extrarling llie alkali aalte with water, filtering, 
ami completing the ignition of the rarkonaceoas n'eidne The 
aqueouH i-.strarl ia then returned to the ea|iMde, rvaiairated to 
dryneea. and the whole reaidtie raiitioualy igniled 
It the chlorides are to be delerininrd, it is well to rvn|Kirnte and 
ignite a separate (|uantit\ of 2.'! e r or .HI r e after adding a little 
barium earlmnate (ll .j gram for .HI e e), and {inweial as before to 
obtain the aqiieoua extract, in winch the ehloriile may ln> estimated 
with silver nitrate, either grarimetrieally or sniiiinelrirally 
The sulphates are also beat determined on a se|Nirate i|iiiintity 
rva|siratisl with addition of a little .sikIiiiiii h\dro\ide niiil ignited 
as usual The alkali pn'vents loss of a little siilphiirie iieid, which 
might otherwise oeeiir owing to the pn'seiiee of acid phiMpliales 
SulphitSSi which may he pnaieiit in Iiist as pre.servativra, 
ean be deteriiiinisl in terms of siilpliiir dioMile In distilling 2.'ifl e e 
of the sample, aeidiliisl with pliosphorie acid, in n eiirn-nt of earlain 
dioxide until wIhhiI 2(KI cc of distillate liiiie |iussed mer The 
distillate eimtaining the sulphur dioxide is allnwisl to drop into 
n flask rontaining a measnied i|iiantity ot .Y/.HI-iodim stihiiion, 
amt the exeeaa of iodine is deteriiiinisl with .Y/.HI sihIiiiiii IIiiosiiI- 
phnle aoliitioii. usmg starch as indicator 1'tie enrhon dioMile 
slioiild not liukhle through the nsiine solution, or HKliiie will la- 
lost .Mternatirely, and rather inon- aeiiiiately. the dislilLste is 
nss'ivnl in a somewhot stronger solution of iisline (.V,'lll or 
.^'/2ll). and the sulphate formed Is estiinatisl grin imetrienlK as 
liariuin aiilphiile Traces ot sulphur dio.Mde. it slioiikl la- 
n-iiieiillH-n d, nun he given liy thi-ho|isorothei iioinuil eonslitiients 
ot the beer 

Saccharia.- Set- the methmls di-arrilMsI under " Wine " 

An inten-ating ipiantitative study of the nitrogenous eanstiliients 
of typical British las-n- has lu-eii niiiile In -I S Sliar|s-' The total 
nitnigi-n ranged fniiii 00.11) to 0 112 |a-r cent I’rotein aeemiiited 
for 13-37 percent of the iiitnigen, amino-eompiaiiida for 25-40 per 
cent ; and purine nitrogen, jircaent us uric ai-id and xanthine 
eomiiounda, for 25-52 per cent Traces (0007*lo 0012 per cent) 
of an alkaloiilal oil, presumably coniine, and a aniali quantity of a 
base which was prolmhly Maine, praetii-ally ai-eounted for the 
halaiiee ot the nitrogen (2-B per rent). ' 

< Hiachm J., IVlt, IL 101. 
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In Hip I'nitprl Kinmlinii, (lip qiiiintith*^ of Imit pnxliipiil by 
brewers for ssle in the jp.ir pikIisI :ii,s( Mimli. litit. were ns 
fullnns ■ — 


Kii|Elaii<l 
NiiiUnii 
In liiiitl 


Hiitri'U \vi'ra^* kip i(r 

7.17.3HI llifli (M) 

111471)7 


Viiiltnl Kiiicdiiiii 37 ,.mH,7Ci 


HisiJ M» 


Herb beer, botanic beer. -Thr'M' Hn* liOMTUKi'H 4on- 

tainm'r usualU Imt a sinall pnipiirlion nf uloohni 'V\wy ani o^ti'n 
fpganlt'd .IK *' lum-alcoholic ■’ though this in not slridlj tho cnsc 
(h‘(‘nHioimll>, jiuhM'^l. sntnplos an* iiirb with oonUining rk nnirh 
n](‘ohol as oiiliiiar\ U'cr 

In gonrral. the lu'wiagfs of this rhiss air fmiimtid . Imt thrv 
iirr soinrtiiiirs niiulr hy Hiiii]ilr ilihition of a hirlinl rxliart uith 

water, or with a weak suiiji 'I'hi' lev.. artulcN iin» ]»rrpnri*il 

liy tirst niaktJig a ih’imtion of the IhtIis, then ndiliiig Mugar anil 
yrast, anil frnnriiting thr inivtuir shehlly The herbs ein]ilnyed 
an* |)rineipilly liiirdoek, «liatnoiinle, ilutiilelioii, KingiT. Iiondioiinil, 
lh|uonre sarK‘i|iMiilla and Mssafras often uith a Hinall qiiantit) of 
imps or ho|)-siil)stitutes siiih as (|iiasMA, gentian, or ehiietta ; and 
Konietinie's uilh •jiiilhii.i to Lo\e a ' he<iding " IriNtend of tiHiiig 
the ])Iatits theii)H*]\(s niakeis of herb lasT often piirehnM* ri'ndy- 
made iiii\tiiies of vegetable extiiuts and Hmoiiliiigh. Mhieh onl) 
reipiire tii l>e mixed with mmar and watei, and leiiiientei] if deHired 
Sars.iparill.i-heer exti.o t loi iiistuiH i*. ih olteii made hoin eonipoiiiid 
diroelion of satsa|NiTill.i, (hivoiimi vtilh oil 4»f sashafrAK and a little 
bitter NIK h as tinetiireol ehiietta swei tened miiIi s\iup and eoloiired 
with earamel Spiiiee Imst exti.irt niiiN Im made with Npiril of 
juni|NT, essciwe of gitgir, esseme of pimento and deriHtion oi 
HiirsAfianlln Hilourisi with <aiainel A hop ale rasimee is pimlined 
by mixing tiiietiir(' ot hops, tmetim* of ihirettii. and eKHCiii'e of 
pineapple, and no on 

The j niportion of sugar generally iimhI in herb Imkth vanes from 
about 3 to HI or 12 onn(*eH per j^llnn With thi* Hniniler amounts. 
sacehArin is sometimes added (ilin*t>H‘ syrup hIko is oeeasionally 
used for sweetening the lieers, and essential oils for Davounng them , 
and tartaric aiid or eivam of tartar may be jnesent in small quan* 
tity. The esaential '■oils may include cassia, cinnamon, cloves, 
lemon, peppeimint. and wintergreen oils. 

llie products are sold under vanoub names, such as Herb Hirr, 
HeA Porter. Botanic Stout, Dandelion Stout, Hop Ale, Bunluek 
9toat, SarMapanlla Beer, Horehound Beir, and so on. They usually 
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have an nri^inAl spiMifir gravity ranging from nl) 0 ut 1005 up to 
alMiiif 1025. th<iiigli high 'r vahii'H an' met Mith , and they eontniii 
tulcohol ranging from mere up to ahrint 2 piT cent of pnaif 
Kpinti ocenainnallv niurc» iih aln^ady indiratnl A fair avernge 
would he. Original gravity about 1012, proof apint about 1 5 per 
eent The aolida in solution aro chiefly augan, exei'pl perhapa in 
the cane of Urn low-denaity beers, which may be sweetened with 
HotTlmrin 

'File, analysis of herb bi'crs is earned out in a sinular manner to 
that of ordinary Hist l^VspienOy, only the percentage of proof 
Hpirit' iH nspansl A fuller analysis would include also the deter' 
miimtioii of the ongmal gnmty, the |M‘n‘entage of sugar, and of 
saeeharin if present, and the nature' of the e.xtiat I other than siigai's. 
so far as this eaii he iiseertiiined Liijiiorus*, hitters, acids s,i)Hmiiis. 
and llttvoiiimg oils are often ]>n^ent The pr(‘s<'r\utives iliielly 
usisl an' sulphites and sulicyehc iieid 
Ginger beer is pieimnsl in a Mimilat wa\ to the fon'going ft 
Usually nmtains u higher pro^iortion of sugar than is found in the 
average hiTh he<»rs 

VIII OIDKK AND ?KKKV 

Cider is ohlmned hv the fermentation of the jun e of fp'^h .i|>ples 
Ai'i'oidmg to the delimtion adopted h\ the Tnleinatirui.il Coiign'>s 
for the n'pri'ssion of IoinI adiiltoratioii (t<eiie\a, ItKiS and l!H)<l) a 
pniportion of |M'ars. not e\< mhiig 10 ]X'r eeiil. may he mi\ed a ith 
(li<‘ apples, and the juice ma) he estraitisl either nith or uithout 
the uilditioii of naler It without, (he pnsliK't is distingiiiMied as 
“pure jiiiis* ■’ eider “ .'<|Kirkhng ” <•lrU•^, aeeonliiig to the Coii- 
grt'ss, should have hei'ii fermented in bottle, as distinguislusl fntiii 
“ aerati'd “ cider, into uhieh earbome aeid has Uvn din'ctly intro¬ 
duced “ Small “ eider is deliiusl us eider eontaining from 2 to 4 
cent of' total “ alcohol that is, alcohol both act ually existing, 
and isdential in the sugar present. aiih an extract \nlue, when 
the sugar a deiliietts], ranging from 0 8 to I 4 grams jier ItN) e e, 
and ash 1108 to 0 U gram per UK) e e 
In KrRni*e, the ri'giilations re<|uiru that “ eider ” must I'ontain 
at least 3 5 pt'r is'nt of alcohol, actual or iiotetitiat, 1 2 grams of 
extract (sugar dtsliietcd). and 012 gram of Aiincrul niattera (ash) 
(ler 101) c c If an) one of these eonstituonU falls below the limits 
given, the proiluet must be tcrnieil “ small ” ciiler ('* priif rirfre ”). 
'rhere art' no spis'Lal regulations for cider in thb^oountry * 

In making cider, the applet are crushisl in a mill, and the rasulting 
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pul)), wrappnl in i-loth, in preswil tn fonv nut (hn jiiirr. Tun nr 
thm pnwiiign Im> givm, mul tli<> |ml|i inny Ik- iiiiiMli-iiitl «ilh 
wMvr Ijctni-rn lun )inwnii){i< Thi- rirhiK-v4 nf llir jiiii-o in augar, 
and thm-forr in the iwtratial nmnunt of alrnliul, di-iH-iKia u|inii tlio 
variety of apple u-«l; medinrre fruit yirliU jiiico of ap. gr nhoiit 

I (MS to I USS and containing !) to 12 per rent nf aiigar; niulc tlic 
bert Jrinda give juice of ap gr I UNO to I 0!N) or above, ailh lU to 
IS |ier cent of sugar, or more Addition of sugar, (unnin, larliirie 
arid, ainunniinin phosphate (2(1 grains iirr hn-tolitn-), and (n-alnient 
with anlphnmiis arid and alkali liisulphites, are n-ganhsl hy the 
fntemational CongiebS as regular operations in the priress of 
inanufaeturr, as are also (lie sweetening of the n-niilliiig eider with 
rrrstallised sugar, its iiUHleiin-silioii, elariliealion, euloiiriiig aith 
eaiaoiel, and treatment with eitrie arai The Knsieh n-giilatioiis 
limit the aiiioiiiit of lulihyi tartane aeid or eitrie Held to OOo gram 
|K-r Itai e e , and of alkali hisiilpliilea to (I til gram, witli tlie further 
condition that the eider ahall not n-taiii limn- than UUI grain of 
total sulphurous nnhyilnde fiss- or eninhined, ]K-r 1(1(1 1 e Colour¬ 
ing with rwlimeal, e.irnmel and i liieor} infiisioii is reiogiiiM-d 

The sugars in the june ot rijs- apples eoiiipnse saeelianise, dex¬ 
trose, and la-iulosi- Tliesi- exist in \ur\iiig pro|Kirlioiis, tlie 
heviilose, howeiei heing Ihe largest (sinstitueiil llie saeeharoM- 
o'piesi-nts nlanit ."i to .‘III per nut of the total augurs , and in Ihe 

II iiMinder (he piopoitioii of heiulose to dextnisi' laiiges from 1(1 
to I down to about .'I to I In the piogress ot fermenlutiun, the 
enne-siigar heeoiiies iineited, and the urigiiiid dextiose niay ho 
fermented out eoiiijiletely, leaxing only la-riilosi- and inoie oi lesa 
inx-ert-sugar, nr perhaps kevuluse only 

Tim ii]i|Hir(ant eon'titiiints of eider ''iiiiiut other than the 
sugars ami tlie small (pianlilies of isters or essential oils to whieh 
the eharoeteristie u]iple Haxoiir is due, are tlie aeids, las-lins, and 
tannins Aeeordmg to a table drawn up by the l-remh '* Aswa-ia- 
tion I’omokigupic,” the iiiuat fnmi eleven dilTennl vaipeties of 
apiik'S rernramended for the making of eider yn-kled the following 
data;— 


lolal Miasn 
Aeiil (u H^Og) . 
Toiiiun 

l*MiD (fubMianrif 


l OriOto I 133 

U.1 I, 3U3 Kiaiii>iN‘i lUOi f, 
0016 m 0 070 M M 

0 oim M 106.> M 

0 01 „ MO M ,g 


Some Kngliah eidi-r-muata analysed jiy A II. Allen* gave the 
following results; - 


I I 


> Anotgil, 1802, 0. Isa. 
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•iBis 




■•I' • •• 

MoIkIh, ptT pent 
Glucoae „ 

Hupnmu „ 

FixihI apid (iui nialii) [M'l f ent 
Aaln JJCT PPijt. 

Taiiiun „ 


1 

047 

to 

lO-Vt 

1] 

91 


14 63 

H 

83 


13'51 

0 

88 


1 31 

0 

3H 


0 69 

0 

22 

«s 

0-35 


0 2i 


'rtii'Hf Miiii|ilfK «i'rr BnnIyKcd iilxiut thirty-nix boura nftiT (ho 
juioc! hiid iH'on proHacd, ojid ooiitainod a littlo alrnhol, rangi'ig up 
til 1 13 |aT coni The ' gluetnc " pn-auniiilily ropri'honta llio whole 
Ilf llio n'duriiig sugani pnwiit, iiiohidin); any inverted KacrharoHe. 

Ill a rc[Mirl' upon the rcaiiltH of inicatigatuini! iiitn rider-inaking, 
carried out on la-lialf of the liath and Went anil Southern Cuuntiea 
SiH'iety, K J Lloyd givea the eoinpoHition of the jiiiee from a large 
nuinher of varieties of apples gionn in this eoiintry It is not 
Htated, hnnevei, uliieh kinds are elnelly used m eider-inaking 
The juns- from the lariety kiionn us ' Kingston lllaek ' gaie the 
following n'siilts 


S|i Kf. 

1 n.)U t(i 1 um 

HuliiU 

11 81 to 

17 30 |M‘r (t lit 


, 9 W .. 

16 00 

CiUH' 

0 (lU 

.»12 

MullC IK'lfl 

0 20 .. 

llOl 

Thmiiiii 

0 10 .. 

0 I** 

Kxtnu‘ti\oH 

n 10 „ 

1 IH) 


Thu results repivsent apples of (he Mirieli in i|ueslion gnmn iii 
ten dilTensit years 

Kor thu analysis of eider, the nielhcHls deserilssl (or uine are 
appliealile, so far as they may lie requin-d The fulhming prciis'ssi'a 
an' also useful 

Pectins. Kva|s>rnte KHI e e of (he eidei down to alsiut 
It) e e , and add (hi e e. of aleoluil (!MI ]H'I pent) to (in'eipilate the 
|HS'tie matters Allow the latter to settle, deeaiit olT the liquid, 
is'dissolve the precipitate with a little water, and nqieul thu treat- 
munt with aleohol Kilter on a (ansi (liter, dry eaiefiiUy, raising 
the lem(ieratun' gradually to KKl', and weigh Incinerate the 
(liter and its eontents, and dediiet the weight of the ash from the 
lint result to olitain the weight of pectins 

Tsnnins. —The *' appIe-tannin ” raavtion is soinetimea em 
phiyi-d to distinguish between cider and factitious liquids containing 
no applu juice About 10 e c of the liquid are extracted with an 
equal volume of ethyl acetate, the solvent is (irawii off, and poured 
on to lime water in a teat-tube, A band of yellow colour develops 
at the junction of the tvo liquids if the sample contains apple- 
juice The colour is somewhat fugitive. If necessary, 100 c.c, of 
> Official PMicatioH, Cd. 18«8, 1W3. 
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the Hamiilc nm\ Ih- ('vii|if)ratiil ilonn to nlmiil III <■ i‘. Ih'Ioic a|>iiK Ini' 
the hut , 

For llio ■■'•tiiiiation of tannin. ini'lhiKl iimv Iu' iim'iI TIio 
rrnftcntii m[uin>(l an- 

(1) SoluUnn of line acetate, IIMm' i!i )'rnlll^ of oiji-IiiIIim'iI 
7.in<- arcliiti' in natcr. ailil nnniioniii eolutioii until tin' |im'i|iilati' 
.Iiroitaml w rr-iluMilviil. amt make up llii> voluiui' to 2tKI o c uilli 
««tcr 

(2) Solution of permanganate. ii.VM (irani of K.M 11 I), prr huo 
(tl) Solution of Indigo. 1 .l (iruniH of huliliniiil iiuligolin hic 

(liHxoiioil 111 1 .^ c I of pure Hutpliunc acid, and iifliT standing sonir 
dais, till- roliiiiii- Is niiidi- up to a litre I'lai-li i-i- ■ (IUtil gram 
of tannin 

'I'o slnndaidisc tin- pi-riuangaiiati-. 10 ci- ol lin- miligo solution 
and 10 (>- of stnnig aiilphurii' ni id an- )ilni'i'd in a Inigi- Husk, 
togi-tlii-r nitli KiillK-ieiit water to make tlie \olunie up to I Idle 
Till- |ieriiianganate milution h run in from a liurette iiiitil the eoloiir 
of the indigo 19 ehangrd 10 >ellow, and the luliiine leqiiiied loi 
this M noted, say A'c c Theii.Vee Util gram of tannin 
To ni.ikc the estimation, 10 e e. of the cider are niiied with B e e. 
of the rule neetatc milution, and ev.iporati-d in a poreelaiii basin 
oil the sloam-hath Boihiig nater is then added, and the precipitate 
ol r.ini taimate liUen-d off, uaslicil nith hot nater. and dissolveil 
in dilute siilphiirie neid (1 |H'r rent liy vol) This sohitioii is then 
titrated with the la-riiiiingaiiate SiippoM; r 1 e are requireil 
Then ainec X c e 0 01 gram of taniini, t> r e mil 0 01 g r/A' 
gram of taiiniii, fniin the 10 e e of eider, so that in UKI e.e of the 
eider the amount of taiuiiii mil be e/lOaV giuiii 
Boric acid is generally prix-nt in cidei to a smnil enteiit, 
quantities ol the onler of tlflO.') to 0 020 ja-r rent liuiing liis-n 
found To (sstiinate it, IIK) c r of the eiikr are mixed nith a little 
calcium ehlondc (about S c c of a lOpi-rcenl solution) esajKiiiited 
to drjnesa, the residue eharred. boiled nitli alxmt 150 r e of nater, 
and filtered Tlio carbonaceous matter is ineineroted thoroughly, 
but at not too high a teinperaturo, then boiled nith a fuither 
quantity (150 c.c) of water, allowed to stand in the wild oveniiglit, 
filtered cold, and the filtrate mixed wiUi the first extract. (As a 
precaution, it is wcD to make a third extraction, testing this separ¬ 
ately to show whether all the boric acid lias been obtained) The 
mixed liquids are tiien eraporatcil down to about 25 e c, cooled, 
and exactly neutralised with A'/lO-add, methyl-orange being used 
oa indicator. After addmg an equal volume of glyierol (or prefer¬ 
ably a few gniuB of mannitol), tbs solation is furthn titrated with 
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Ar/20-Bolutiuu of Bodium hydroxide, employing phenolphthalein M 
indicator this time A little more glycerol or mannitol ahould he 
added to make sore that the onil-poinl haa been rrachctl. as indicated 
liy the pink colour remaining permanent after the addition. Each 
e c. of the A 720 -soda ubciI represents 0 0().S] gram of H,UO] 

The treatment with eali-ium ehlonde is designed to eliminate the 
phoaphatee in the ash, which would alTect the titration Cakium, 
borate is moderately soluble in water, and is dissolved out on oper¬ 
ating as described According to Barker and Riissell,’ the amount 
of phosphate present in rider ranges from 0 01.1 to 0 023 per rent., 
ealculabsl os l*,U| The ash eonskits mainly of potassiiiin eor- 
lionate and phosphate. 

Analyses of various riders are ajipimded 
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II. 

iir 

IV 

Si*, nr. 

(IlKIlii 1 iVii 



011077 (i> 1 050 

Alcuilolg pitr ('<•111 . . . 

2 57 5 »!> 

1 lu 

5 10 

5 1 „ 7 :i 

Extmet M 

a 12 

o-to 

» Oil 

1 02.1 „ 3 023 

Hugar . 

Ault 11 . 

<>U4 „7 21 

,175 

U 05 

0 1 „ 0 3 

0 25 „ (} ati 

0 28 

0 27 

0 225 „ 0 335 

FixcnI ai‘i(L| Hi malic, c«‘iit 

0 12 „u:i5 

0 .55* 

0 71* 


Valatile ueiil, iw acette 

»i<) o:i7 
* Tutu) udilily 




1 a L)i'vonshiro» culor .Mi>oUi>t by wiMkrht 

[I FkmicIi, •twtiitt ,, {Oriqmiu) „ Miliiiiif 

111 M <iry •» It 11 II 

(V (liTilUili pulcr {Kitli-wh) „ 

Lloyd (lor cit.) euusulurs that cider should be regarded ns “ extra 
dry " if it eontuins not more than 2 per lent of sugar, “ dry ” if 
the sugar is under 4 per cent and “ sweet " if aliuve 4 per rent 
The suggested “ extra dry ” limit strike one as rather higli 
Barker and RusselB give a number of analyses of pure-juiee 
cider, each made from a single variety of apple, and uKu a niiiiilwr 
representing blends of puro-juico ciders, denoting more the typo 
of cider which finds its way to the market. Those latter analyses 
are reproduced m the following table ;— 


ULauDSD rvu-joici cioxas. 


8p. BTi • • • 

l-OOO 

1022 

1013 

l-OOS 

1-007 

1-008 

Afliu, ficr cent. . 
Taanm «, . . 

0-48 

0 69 

0 32 

0.33 

0 34 

0-45 

0 284 

0-260 

0-212 

0 248 

OlHO 

0 270 

AWoUol „ 

6 83 

3-66 

420 

4-76 

6 07 

4 83 

Solid« 

2 412 

0-878 

6-740 

3-920 

3 880 

3 614 

AhIi is 

Alluliioty. per c<*nt. 

0 322 

0 342 

0 308 

0 312 

0 322 

0 346 

O'liO 

0127 

0 093 

0-113 

0 108 

0026 

P,Ot |>ur cent. 

00153 

0-0230 

0U102 

00166 

UOiOl 

0U128 


> Atudyu, 1900, M, 12S. • /M., 130. 
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Ihliitinn of cidcv uith tt'afor will f^norallv be iiiilioiitol by 
di-fifi(iicy in tlip pimiortionH of alfoliol ami (‘xtmrt Alli-ii (for 
cil) mmsHloni that Iht* origuuil hoIhIh *)f uiinahTial eider rarely 
fall Ih'Ioiv 12 |a>r iriit when ralrulali'd from the analytical nmilta 
aa follows. — 


Sugar fenm-nU'd - ' 

^ I I .Arc! 11 * ai'id \ ] i» 

A(lilin;f tins It) (lie |H*r, (‘iiUgc of hoIkIh still n'inainiiitf m the sample, 
the Sinn HjUiiN tin* ttn^nal Mtlid’i of the jiinr liefon* fenneiitalion 
Perry n proiluet'd hy till' ferineiitAtion of the juice of fresh 
peart ll reM*mblH«t uder verv eloM‘ly. hut is j;eiienilly somoH lint Im 
Acid III Fniiice, a pint! deal of the |)i*riv ]mKliief*d is distdled for 
the fahritalion ol t-au >ir nr The follomn^ iinalysi'h of Knglish 
pi'in are uiieii liy Allen 


S|» !•! 

.Mi'ohnl, lo ui'iulit 
I’nfof 4|)iiit 

Tolfil miImN 

Vnlclf ill* HI 'll (IIH «ll I Iff) 
Kixiil »imI (hs iii.itif) 
(iliii on* 

Kill riKi' 

Ui 

I)ii|{|iihI •mlltl'i 




V\ sill 1 hIi'I 


IsllMH'lwll'l 

sshin* 

filin' 

Mhtn* 

1 «IJ» 

I 021 

1 010 

l*i‘i ■•‘III 

IVi I flit 

I'cr 4'i*ii( 

III! 

4 HI 

3 04 

ii) 11 

10 04 

7DH 

(1 r»i 

0 49 

4 TiO 

(141 

0 3.7 

0 22 

» sn 

0 20 

U24 

271 

3 (M) 

0 30 

.VtllH' 

0 31 

... 

() id 

U2H 

0 30 

10(11 

10 02 

12 33 


-WlNIiS 


Wine, in gi'iicral ti'riiia in tlie iH'verage iinaliirisl by the fermen¬ 
tation of In'^h graiH’", or of tbn jiiiis' of fieali gra|iea Certain 
additions are wi-ll nssignux’d eg, tlie “fortilieatinn" of aomo 
wines iiy the addition of a ainall |iin[Kirtion of dialiihsi apirit; 
“ vliaptalioatioii" of a jKKir " must " by tho aildilion of sugar; 
" plastering ” with ealeiiim auiphatn, and tho tiiic of aulphuroua acid 
or alkali bbulphitoa aa preservativna Theau and othar additions 
arc made, under togulationa aa to the maximum quantities and other 
conditiona in tho chief wine-making countries. 

In the United Kingdom, fermented beveragea of a somewhat 
aimilar tyiie. but uifde from a variety of materials which may or 
may not ineludc grape juice, are known as “ Briliah Winea “ 
“Sweets,” or “ mode wines,” ate legal terms for those imduets, 
wbieh are described more fully further dh 
7or fiscal purpoaes, all wine imported into this country, whether 
made from flesh grapes <« not, is classed as “ foreign wine," and 
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pin's a iliity o( ruHtoins; whereas British wine is exempt from duty 
Bii far iH the aleiihni is eoneemed 

The foreign wines usually drunk in this enuntry may lie referred 
to the followiiii' pnueipal types Burgundy, elaret, eham|ia(pic, 
luiek, [Kirl.and sherry 

Burgundy mid elaret uiv of similar general ehanieter. iKilh heing 
dark red. ‘ still ” wines, nearly free from sugar, and of low iileoholie 
stieiigth, ranging fiom alioiit 12 to 22 |)er eent of jiroof spirit 
liiirgiindy. hnne\er. is of ddleient fla\our Iroi.i elaret. has rather 
more “ luslyand is usually soinenhat stronger in aleohol Cham¬ 
pagne IS n sparkling white wine eontaining alHiiit Hi to 23 jH-r rent, 
of proof spirit, with usually a good quantity of sugar S to Hi pw 
lent or tlierealHiiits--though the ‘'dry " larieties niin haie lerj 
little Hock IS a white Ithiiie wine eithei “still” or spnikling, 
with alioiil the same pro|s>rtioiis of aleohol and siiuor as are found 
in Biirgiiiidy Moselle is a similar ly|ie of wine, hut jimdueed in the 
Moselle disiriet Port, a product of iiorlh-east Portugal, is a sweet, 
slnmgly nleoliohe nsl wine, enntiiining about 211 to 3S pT cent of 
proof spint, the sugar may range from about 3 up to 10 or 12 
per eent Sherry ls a Spanisli wine of eharneteristie llnioiir, yellow 
to brown in isiloiir, and strong in aleohol. eontamnig about 2(1 to 
3.'i per eent ol proof spirit , Madeira and Marsala an- wiiies of the 
shelly l.\pe, but with their own distmetive lioiiipiet Slieiii mar 
eontainHiigai inaiiioniit ranging fnmi mf up to 5per ient .aeioiding 
to whether it is dry or sweet 

Portugal sends the largest ipiantity of wine to the Ihiited King¬ 
dom Praiiec and S]min follow elosely. and a long way behind 
come (ieriiiany, Australia and Italy A table showing the quantities 
iniportisl will lie found at the end of this sisdion 

Tho beller-elass elarets. “ tino growths ” and “ ciui," ari' named 
after tile place of origin- ey,St J«Uen, Pauillne Chnlfav fxilour, 
Ck'itmu .l/mynnr The Knuich white wines, such as liarmc, 
ChiilMit Y'qiifm, flravea and Sauleriif. are produced mainly in the 
south-west, whilst the elinmpagne area is in the north-cast, in the 
neighbourliooii of Rheims and Kpemay CluMiii is a white Bur¬ 
gundy wine mode in the department of Yonne Beaune, Macon, 
and Chamberlin arc typical red Burgundies Ilermitage is a 
purplish-coloured wine from the Rhone valley 

Of the sherries, there are two mam ly[ics—tlie one, AmouiUMo, 
being usually darker eolnuml and more spirituous than tho other, 
or Mausinilla variety Alieanie and Tarragona arc ted Spanish 
wines approximating to the port type Roln leal is a sweetened 
red Sjaiiiish w me, utteii used as a comiuamun wine Malaga is a 
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HDwtriinl. Iiiirinnii ml «inr rnininj! from tlii' jiniit1i-ra!ili>m (liMrirtR 
of Sp»in ^ 

The hiK'ks mid iuom-IIi-^ niino I'hiidlv fnnn viiipyanla in Dip 
nciftlilHiuilionil of 111!' Klimo. AIom'IIp. iind Main Amnni; tho iiion< 
notinl Rhino and Miwlli' nini"- arc Slriiilniqn, Jnham^icrgff, 
IfmUfhrmfr, liniinlhakr. Ilriiiniilrlrr, .Yicwffiiiif. and f.irh 
fminlilch .liniiiininhiivi is n ml wine (irodiii’pd near nin|!Pii 
• Ilf/, Chiiinf), Mimlfmitl, and l/arriima ('hiith arc Italian winca , 
7'ohii/ II a noted sand lliiniianan nine, /Iml, Tiiila and J/nlnwe.v 
or Malmiw are rarietiea of Madeira wine 
The eoiniilete anaKaia of wine rei|iiirea a lai(ie niiiniwi of deter¬ 
minations and testa to tie made some 2it are hpeeified in tho 
Kreiieh rejoilations, and 2^ in the German \ fairly full oidinary 
anahsM would iisiially iiielinle deleiniiiiationa of Speiitie pravity; 
alnihol extiait. aeids total lixed, and volatile. taiiane arid ; 
polarisation, siip.irs. pheerol, ash, phoaphatea , sulphatiw , and 
teats for nitiheial loloimnp mattera, topethrr with tin orpanoleptic 
tests of taste and amell In addition to these, the Fri'mli mpiirs-- 
ments inelitde a mieroseopie examination, teats for aaeiharin and 
dextrin, determination of ]aitassnim, siilphnroiis and, ehloridea 
and eiliii arid , and examination for free mineral aeida and lor 
milisepties rile (ierinaii l■•plllntlons inc hide, Waidea most of those 
,n •iilionid iilioxe, tests for eomnienial (ilinose , nitrieaeid , Imriiini, 
atrontinm, and eopiar tannin, lartarie neid pieaenl in the free 
state, an ereani of tartni. and as tartrates of tin- alkalino earths 
It will, of (oiiiw he iindiTstoixl tliiit eertiiin of Ihiw data are oiilx 
olilained in .s(s'eial easi-s 

Beyond a eeitiiin point rheiiiieal anal.yais is only of liiiiitisl xaliie 
in appraisinp wine The liner shades of llarunr, the “liouqiiel " 
and the amnia, which so larpely determine the quality and value 
of the nioiv e\|a-nsive wines are matters for the ex)iept (ailale, 
not for the analyst yini analyst In his province he the reeopnition 
of the wine ai wine -1 e , as a pruduit of the fermentation of fresh 
grape juice, the detiTrainalion of its general eharaeter or type, 
the estimation of its main eonslitiienis, the asisTtainment of its 
freedom from adulterants, and tho fwmatiim of a judgment upon 
its soundness, eondition, and general quality But even if bo is 
not an expert wane-taster, the wine-analyst will find his practised 
senses of taste and amell very useful to him in dealing with winea 
The chief forms of sophislicatioii to which wine is siihjcrt may 
be divided into tvo elasaes. (1) thoso'involving the addition of 
foreign substances such ns preservatives, coal tar colours, and arti¬ 
ficial Bwoetonings; and (2) those in which substances of like natnro 
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to thonp aln'Ofly prownt in the wine aro added to the wine. The 
BctHind olanH inrlndea the liiiution o{ the wine with water; the 
addition of onlinary alcohol; the atrengthcninfi of the muat with 
Hiigar ill onlcr to augment the eventual alcoholic atrength; the' 
adinivture of fermented liqunra aneh as roiain wine, gooacberry 
wine, or cider, not derived from the juice of fieah grapes; and tho 
luldition of glycerine or of cream of tartar, to mask some of the 
other sophist ications. 

Since the substances in the second class are normal eonstituents 
of wine, or contain such constituents, and sinci' some of the additions, 
as already mentioned, are tolerated within certain limits in winc- 
pnalucing enimtries, it is ncs'cssary in the analysis to determine 
the )iroiKirlions of siieli ingnslients ipiantitatively, and to eoin])aro 
the results with reeonled statistics, licfore conclusions can be drawn 
as to the iirobahility of adulteration, so far us those ingredients 
are eoneumeil (Statistics of the cheiincal composition of Kreneh . 
wines liavc Ik'cii piiblishisl by (layon and Isibordc,' and of (Icrman . 
and other winisi there are many in Konig's uell kiionn eoinpila- 
tion A few typical analyses are inctuihHl on pp 4K!I 4!:() in 
illustration of the princijial types 

Apart, lion ever, from the guest loil of gi'iicral agrcemenl of the 
analytical data with those of ns ordcil nnalysi's. each dctcnmnation 
lias its onti s|iccial ini|Hirtaticc It may be ncll, therefore, IirieBy 
to indicate the sigmiicaiice of the cliicl detcnnnialioiis Indore pro- 
reediitg to describe them m detail 

AlOOhoL The iiiiportniicc of tins i oiistitncnl scarecly needs 
pointing out It shows, in the first place, whether the sample 
dealt with is the unlinaiy type of wine, or a " iioii-alcoholie " 
prisluet, and if the former, whether it is a normal or a '■ fortified ” 
wine It is ingsirtant prr sr, ns the stimulaiit and intoxicant 
eonslitueiit of the wine; its amnuiit may help to show whether 
the nine agnn-s with an allcgrtl description; and in conjunction 
with other ennstitnents it may assist the analyst in forming a 
judgment as to whetlier tho wine has been dduted with water. 

ExtraeL- An nnnaually low extract may indicate that the wine 
has been diluted or fortiliisl, or that it has been mixed with “ marc ” 
wine, which is poor in extract On tho other hand, a high extract 
is eharacteristie of " roneenirated " sweet wi les such as those of 
the Tokay type, which hove been prepared by evaporation of tho 
must, as distinct from wines which have been sweetened by the 
simple addition of sugar < 

Olyeerol.—This is one of the produets of alcoholic fermentation, 

* " Vins," Appendix. 
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and thwnw iim^l In' p«wiit in g4‘niiiiio wiiio, Tlic ratio of 
glycerol to ali'uhol is rciluKNl hv tlio addition nf iliMilIrd alcoind 
(0 (hr Minr AImi s\M>(‘t umos (ilitaiiitKl h\ adding aholi'd to iinist 
ahnli iian bmi but slight In fninriitrtl air iialiimltN (HKir in ghuTol. 
NilicnviKtbosf NNlinh an*|)rr|Kiirdb\ surrtoiiing iiornudU friinmtrd 
NNiiK's rontaiii tbr normal pr(i|Kirtion llrnrr tin* drtrrinination oi 
this mcrrdiriit tiiaN assist in disiinguisliing iH'tuorn (Iiom* Ivinds of 
NNMir \gniii (hr ratio of ghirrol to nhohol baa :i IrndiiirN to 
b(‘ high in old nnmk***. Ihmiium* m>iiu' of tin* alrobid onginalK incH'iit 
has Ihs'ii lost !»> rNaporutioti rnfoitunnlidv himoMT. llirn* la a 
ronsidrrabli* Niiriation m tbr ratio of ghuTol to alcohol )irndms'd 
in gcmiinr nuik' so that the I'stimation ih less hrlpfiil than it migbl 
appear to )h* at liist sight 'Hh* usual langi* la from (> to Iti graiiia 
of udNcriot pi r KM) giaiiis of nlrobol in red Mines, but III Mlilto Min(*H 
(be ma\miiim imu be minb higltei. n'nibiiig 1o or 111 and, evi'i*]) 
tioiulK oNim gti'.ilrr Naims Tbi> Naiinlioii is timrnbb* to the 
a'diNilu*-' of ilitTrii'iil micro organisms in the must lli*nu* 
dislmtioiis drrtMii fioin ll»e )no|M)i(ion ol gl,Ncriol sbniibl la* mnilc 
Midi ciinimHiKs lion 

Sugar. Till* (‘stimnlioii of tin* total sugar is useful in dirttiiigiiisbing 
bi'tueen sMci'l find drN ' nmih's and also in the* (’ab'iibition of the 
nmoniit of Mine extra*t *)lhei tbiui sugar l■'urtlH■^, the M'lMirnte 
('tiniatioM o) the dextrose* and Ik'NIiIo-s* is soinetiiiies bel])fnl ni 
distinguisiiini: l»e!Mi*eii ditfen*iit kiinls ot sMeel Mine A notable 
**\ees«i of l.eN idose on er de.xtrosi* indn ales a m me to m hieh Hiigiir has 
been added and th«*n mon* or les.s fernientisl, Binie dextrose in llie 
eonstitiienl of invert sugar imtsi readily destrou-d during fermentii 
tion On the other hand, if tlie proportions of dextrose and 
la'NiiloM*aresuhftantiallN eipial. this nmN uidieale a KiIIn fermented 
wine stteet<*ned by imneridioii Mith raisiiis, or Mine made from a 
alightl} fermeittifl must to ulinh nhohol ban binn addisl 

Acl^ The eslimntioii of the tartarle BCld iH uf Nidiie, Ims-buh* 
thin IS the eharntteriHtie and id wine, and is not pn+ent in aome fruit 
)Uiue4 Mhieh might Ik* used as adulterants eg, apple- and ]ienr- 
juieeH Malle acid in es|H‘eiullN eharaeleristie of apple june tlimigh 
NNines also contain it CHrtc add may hi*l|i to indieate the preaeiiee 
of gooseberry or currant uinc The volatile adds arc id importance 
aa showing the progstaa of acetous feroieiitation, and Ihcir propor¬ 
tion is useil in Frame for inleulatmg lertniii ratios einployeil as 
criteria of gi*niiiiU‘jiess 

Polarlsatton. This datum may idten gixi* useful information 
If the wine is dextronitalory, cane-sugar ia preaent, or aildcd 
glucose, or both. If after inreraion the wine liecomcs lavorotatory, 
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runn-siignr u indicated ; if it Htill rcniaiiu (k'xtmrolaliiry and the 
IxilurMiiin value ie over 2 25°, the inference in that added glueogo 
M priilmbly prenent. Should the original nine hr laivorotatory, 
inverted cane-augar in indicated, or IffivuloMi, or lioth; and if the 
la-vnrntation ia incrcasnl on inveraion, aomr unchanged cane-sugar 
waa preaenl Finally, if the original wine gave no nitation, either 
all the sugar has hern fermented out, or a compensating mixture 
Ilf drxtro- and Levo-mlatory augam is prebent In this case, if 
inveminn pnalucca a lirvnrotation, the mfenmee is that cane-sugar 
was present, and llien-fiire also lievuluae or other lievorolatory sugar. 
Alcohol, acM, and extract ratios. In Francs- tin- lelalions lietween 
alcohol, acid, and extract have Iwen much studied, with the view 
of detcrtiiig aiicli ralaificatinns of wine as the addition of water nr 
iilisiliol Certain niiinerieal values ha\c liis-ii disliiccd to uliieh 
much iiiiporliinis' is atlnehcsl With mne, houccei, us with other 
products, natural Miriations in the proportions of the consliliieiils 
may occur, and the data olitaiinsl fnim the stiiili of iioriiiiil wines 
must therefore always hr iisisl nith eiri-iimspis-tion 
In the folluuing di-seriptioii the acidity, according to the Frenrh 
practice, is expn-ssed in terms of sitiji/iiiric acid, and the weights 
of the ronstitiients other than alcohol in griiins ;sr litir 
(I) -Ratio Of alcohol to extract.- This is given hy dividing 
(u), the total weight of aleoliol, nctuut and ]Kitentiill, )ier htn*. hy 
(fc) the weight of the extract m grams per litre, determinisl hv drying 
at ltlt)°, and suitaiily coin-eti-d as explained hehnv 
(«) -The total weight of alcohol -= the actual alcohol present 
plus what would he given hy any sugar in rxicss of 1 gram still 
nnferiiienletl (1 gram of sugar |s-r litn- is regarded as the sverage 
qiiantily reiiiaining in normally fermented wine) It is given hy 
the fnrnnilii - 

l‘erccntnge of iilcohol hy voliimr 8 | (wt of sugar I) X tt 1.5.' 

Kjnimple .Mcohol 11.5 (s-r cent hy vol. sugar 37 0 giuiiis tier 
litre Then " total alcohol " ^ 11-5 X 8 -K37 0 - 1 n) x 0 -1.5 
=- 108 2 grains per litre 

(6) -Tlie “extract” or dried residue of wine will he increased 
in weight luiyoml its true value if non-volatile substances such as 
sugars, chlorides, and snl]ihatc8 have Ix-en added to the wine. 
Hence to obtain the tnie value such additiors must be deducted 
from the weight of the extract as actually dctcrinineil. In tho 
case of reducing sugars, chlorides, and sulphates, 1 gram per litre 
is regarded as normal to the wine, and only thp ticru above this 

I The fueler 8 hoie lu the rouiut iiuratier used inuliwt ot the true faotor 
7‘Ot—i.a, the uyiocilio gravity of sloohol at 15° multiplied by 10. 
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ia dciluoteil thcie inKrcdicnb, tlip exiract may iniilaiii, 

foroxanipic, aiiilotl I'ltnc ucni. adiktl tartanr arid, nr aildrd Khrrnil 
Ocraaiunally aliio mannitol, due In tlir iirliun of apivial iiiiini* 
oiganiHins in llir frrnirntation of the nine, may lie pnnent In 
genrnil, all aildinl nnn-ruliililr inatirrs rrrealiil liy llir aiuiljHU 
ahould be deiliirliil in riilrululni)! the rorn’i'ti'd or “ n’lliireil' 
extraat 
Kjmmflc -- 
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Till n for ml ninm the i|n<itirnl total iilrolinl - mini rd extriirt 
fiilli lii'turi'ii 2 .’> and 1 .'i. iiinl fur vliite uinin iH'tnirii ,15 and II >1 
It liri oiilxidr tlii»<r liinils in rvrrplinnal raxeii only. 

For iiikI.iiii'i’ if tlir r\iiiii|ilra I'lirii iiinnr refer lu the Hninc 

lOH 2 

nine, the viiliir of the (|iiutieiit niiulil lii> - 6 I, nliii'li in 

vithm the |HTiniiMhle liiiiile fur )!eiiiiiiir noiinal white wine, hut 
nuiild he uiilMile them if the nine in iiueition nere a ml one An 
exeimiie value fu' the qnntieiit i-, euiiMileml aa pn'i-iiniptive evideiier 
that eithei siiear ha.a been lidded lu the muat or aleuhiil to the nine 

The evreas of iihoholie slrent'lh due to these iiddilions lan be 
raleiilated n|i|>ru\iiiialely from the formula 

I (total neiuht of aleohol mini ed extrai t / 4 .) or Ti .'ll. 
taking the factor 4 ~t if it is a quealiuii of ml nine, or (i o ni the 
rase of a white wine 

( 2 ) Sum Of alcohol plan flxod acid (A (jautier)-- In a broail 
sense, the aleoliul and the and in wiiie aie iiuantitatively isimple- 
mentary, so that the sum of the tno, nitliin liimta, is eonstant 
This sum lies, in general, betwn-n 13 and 17 nlien ealrulated as 
shown below 

Divide by N the “ total weight of alcohol ” obtained as described 
in the preceding mcjion (I), (a). To the result add the amount of 
fixed acid and oim-tentli of the volatile acid, both lixpn'sseil in 
terms of sulphuric acid and in grams per litre. From this total, 
^bj; way of correetions, the following deductions are to be made 

2 for. eacL gram of K/IO 4 in excess of 2 grams found in 
the analysis of the wine. 
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(ii) Th<* va1u(\ in termH of Hiilphuni* acid, of the free tartaric 
ui id III evies>i of 0 5 ^ram for rc^d ^itm and 1 0 giaiii for nhite 
Viiiea 

(lii) The value, in teriiiM of Huljdiuih' acid, of any add(*d foreipi 
ncida kIioviii by the anahaM 

(iv) The ]iro]N)rtioii of alcohol jin'SHiiic'd to In^ due to added 
Miif'Ar or added alcohol alien the ahHihol extract ratio exen'da 4 5 
for led wines oi 0 5 lor white wines, aci'onhiif; to the eiileulation 
111 (1), aliove 

With iKitli leil and while wmes, watering is prasuined when the 
sum ‘ alcohol | fixisl aehl '* falla helow' 12 5, or in certain .special 
cnw'H, 11 5 (wines of the Aranion plaiiia, in the hoiith of Krunee) 

Kxceptioimll}, lower values than II .> an* found in genuine wine 
Kliiiex’ givcM Ihiee eategoricH of wine, in which the iiiiniiniiin vahitsi 
of tho Hiiin '‘alcohol | tixisl acid' aic icHpcitiveU 125, ItlK, 
and MM) 

Whichever miniiiiuin value is taken, tin* tasi'entage ol waleniig 
is ealeulatisl from the loruiula 

W -- 


where S is the value of the aiini taken as Htaiirlaid, and S^ h thi‘ 
value found Tima if 12 5 ih thi‘ atandaid, and 10 5 has he< n toiind 


ltM)(l2.> 10 5) 
12 5 


s 10 per rent 


(!1) Ratio of acid to alcohol (llnlphen'.s rule) - This li, mint her 
Application ol the fact iiotisl in (2), that wilhiii hinds the sum of 
the alcohol and the acid m normal wme is nppniximatelv constant 
It follows that the acid vanen mvcrselv ns the alcohol in quantity. 
In evaluAlmg the ratio niiinerically, thi' aeulitv taken ih the fixed 
acid pluH 0 7 AH the inAxmiuiii for volatile acid in Hoiiiid wine The 
“alcolior' IH the iMUceiitugi* of alcohol by volume The name 
corn'CtioiiH an in (2) iiru requued for anv inerease of fixed and or 
alcohol hy aildcd luateriAla 
TliiiH IfttlplienV ratio 

^ lixwl ttt ‘1 J d- 0 7 

pi'r (Tnt. of alcohol by vol 

Kjcample —Alcohol 12 75 fx^r cent, hy volume, lixisl acid 2^05 
grams per litre calcuiaU'd on U 18 O 4 , currectiona nif Then 


2.05 -I-1) 7 

^ ^ L ll -0 215. 
12*10 


* Uayon and Labordc, " Vins," p. 214, 
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Thr ralup of the ratio (liTn'a»ci< lUi the ]K‘irrntR|;e of nlcnhol incrcaMU, 
ainee the autl \arii'» iiimtm'Iv as tlio alcohol Witli nines of the 
sBiiii! kiiul, the value of the ratio (haai not Mir\ iiiiuli for the saiii^ 
aleoholie strength 

Non if nater is nililisl it does not i liaiige lhi‘ \alue of thr ratio, 
ainrr liotli m iil anil alrohol are ililiitisl to the same extent Itiil ns 
the (leohohe stniigth is nslineil this uiielmiiged ratio is not the 
one nhieh omjhl to hr given, if the nine nere genuine Tlie lonei 
quiintitv of aliohol, if the nine neie not nnleied, uonld iiienii a 
UigiT ]iFoiiortion of arid and tlierefore a gieater value ot the ratio 
lienee a Ion value is |iiesniii|ilive evidenee of the nine having lin-n 
nalensl 

In praetiee, iiiives aie eoiislriietrd foi dilTenait ilasses of nine, 
mill oidiliiites slionilig thr iiholiolie slieiigih, and ahseissie the 
lieidilv |H'r alioliolii degris' 1'he value olilniiied lor llidiihen's 
ratio IS llien loiiipared with the eiiive for nine of the same elass 
By n’ay of illustration, a fen vaiins taken fioni the iiieaii eiirve iin' 
given heir 
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(4) Roos'a ratio. -Tins IS ohtaimsi hy dividing the value ohtamed 
ill (2) hy that given iii (I), any iireessary eorrretions Is-iiig iiiehided, 
as already exiilaiiiisl In other nords the I’ikh ratio is 

aleoliol + lixeil iient 
aluohol 

rrdueed rxtioet 

evahiatisl numerieally as deserilnsl in (2) and (I). 

For red wuies, the value of this ratio la ordinarily eijiial to or 
greater than 3 2, hut exeeptionally may be as low as 3 It For 
white wines, the minimum value ia 2 4 V'alues below these liinila 
are presumptive evidence of watering This ratio brings inlii the 
calculation aU three of the chief eleineiila in the eiimimsitioii of 
wine—alcohol, arid, and extract. 

JSzamplef - 

(a) Red wine. -Alcohol, 6 5 per (siat., total acidity, 6 20, 
volatile acid, 9 90 1 reduced extract, 15 30. 

Thm, assuming that there are no other corrections except those 


includnl in the rpduced extract, wc have; alrohnl |- fixed add = 
fi t (d 25 • 0 511) 12 25, and alcuhnl/rtKluml extract - * 

12 25 

- 3 28: whence Uimih’b ratio -- ^ ~ 

Thia wine is therefore normal. 

(i). Red wine. -Alcohol, 7 8 ])cr rent.; total acidity,^ 4 6; 
volatile acidity, 0 (15, reduced extract, 15 60 
As iK'foic : alcohol -|- fixed acid ^ 7 8 (4 0 • 0 93) - 11 4.5; 

7'8 X 8 

and alcohol extract ■ - ,, . 4 0; 

156 

II 45 

whence Kooa'a ratio - , - 2 8. and the wine ia iiiilicaUal aa 

4 

heiiig watered. 

Methods ol expressing the results of analysis.- In (liia country, 
the alcohol in generally cxjirieiiicil in terina of pnxif apirit for trade 
|nir|xiHCH, or aa (HTcenlage by vnhiiiie for gcnci.il uac The other 
eoiutiluenla are moat einiveiiiciitly given in grama per IIKI e e. 
Following the (icrinan practice, total acid and lixial acid arc usually 
cxpreaaial in Iciiiia of tartaric ncid, and vohitilc aciditi in terms of 
lu'ctii! acid. In France, the acids, total, lixial, and volatile, are 
all evalualwl as aulpliliiic ai'id ; the alcohol is given ns percentage 
liy voliiine (or soiiictiiiiea as grama (ht litre); and the other cim- 
stitiicnta in grams per liltr The International t'oiifcrcncc which 
ant at Faria in 1911 favoiinsi the French niclhial of expressing 
n'aiilts, except as n-garda the acids, which it was nssinimcnded 
sliOlihl be given in tcriiia of ciiliie. ecntiiiielrcs of normal alkali {wr 
litre of wine 

We prucceil now to deaerilir the analytical oiXTatiuna 
AlcohoL— A convenient quantity of the wine to take ia IIIO e.c. 
A little more than thia la placed in a 100 c e flank, the teiu}irrature 
lirouglit to 156°, and the quantity adjusted to the mark The 
wine ia tlicn transferred to a distilling flask, and the measuring 
vessel rinsed with about 40 to .50 c c of water, whieli is added to 
the main quantity. About 90 e c are distilled over into the lOU c s. 
flask, the teinpcraturo ogam adjusted to 15 6°, and the volume mads 
up to the original bulk with distilled water at the same temperature. 
The proportion of alcohol is then obtained in the usual manner 
from the specific gravity of the distiUatc. ' 

With uniiiuiry sound wine, the quantity of volatile arid distilling 
over dues not appreciably affect the sjweific gravity of llie distillate, 
but if the wine is more than usually acid the distillate should be 
iieutralistal and redistilled. 
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OccinioiMlIv. frotbiiiK will orrur durinK llir liMtilUtinn 
. tannin Rildnl to thi‘ ninp wdl (ibvinic thin; liiit tin* ni||litiiiii hhnuld 
not, uf couna*, Ix' iiindo if tlif ri'hidiio in tlir tlxi'k is nM|iiin'd for* 
thp di-ti-rininatiiiii of thn “ PTlrai l " 


Extract. Makp up Ihi- nsiiliip in llin distillini! llnsk In (hr 
orijn'nnl vnliiini' nl l.'iti', and d<‘li‘rniiiu' i(x sius'iHi' gniMly 
(wnt(‘{ - KMat) Diiliii't KMld frinn lliis, and nniltiply thp n-- 

niaiiidrr In tin.rn'sjHindinf; kictur tnki'ii fmin tlip fiillnwini; lalili' 

Thpri'siilt KIM'S thp Kranih of pxtr.n t per ItKl pp of thp «inp 
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Bi«i«/</p S|»'p|lip urivvity of ipsidiip m Husk llK!tl;l, unv 
JX-diiPtini; ItUHl ipinniiidpr 2ti;t llip is)iTPs|Kiiidiii|[ fiiptor in 
thp tahip H ll2.'iH4, tliiH lipiiif! tlip oiip op|H>sitp io, tlip nparmt 
‘rpiiuiiidrr to 2ti3 Thpii the pxtrupt Sti.'l tlJ'ilW -CiHt) 
ttranis. (ht Kltl p p , to (Iip iiPim'st 'U'pond dpcniiul 
Till' spppilip Ki'U'tt.i of till' rpsidiip iniiy also lip pnlpiiliilpil from 
Unit of till- ontnnnl wine and that ol llip distillatp II -S'l and .S', 
In* tliPni' rpsiHstnp hims'iHp Kruiitips, Ihi'ii. 

iS|us'ilip Kiaiitx of ipsuliip ItKHI | .S, - .Vj 
Will'll till' proportion of pxtrifi'l lu Ipsu than 4 Krnnis ppi ItNI p p , 
it may hr di'tpriiiini'd with uonipalint inon' appurapy hj diriit 
wpighin)( ari'orduif; to one of thp mPthiulH di'srribrd Mow 
In fully fprnipntcd amps, thp amount of iixtmpt u]iproxiinatiii 
to 2 {ler ppnt. an a mran ralur, I lie onlinory ranitp being fmni about 
I'3 to 2 6, though botli lower and higher valiien are met with. The 
pnportion vorica somewhat with the diatrict, the year, the age 
of the vine, the age of the wine, and the method of pniiaration 
On the Continent,^ m'iph imjmrtance is attaohed to Uie value 

rf the ratio Ha indicating addeil sugar or added aleohol 

extraet 

Coi^uently, a good deal of attention has been givim to methods 
fw determining the proportion of extract. In France, two proceasca 
, aw official; but one of them—Uio determination la tucuo— 

■ K K 
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requiring, na it (Iu<M, from four tn aiic days for its completion, has 
largnly falU-nput of use The other iiiethiHl is the direel determina- 
'liiin by e\u|H)ralioii of the Hiiie iind diyiiii' the residue at IU0°. 
By reason of the volatilisation of filyeerol and the oxidation of 
tannins and eolouring matters durin); the drvinR. it is neerssary tn 
promsl under fixed eonditions if lesults rom|iaruhli- with reeorded 
Valin'S are to he obtained lienee the reason for the following 
Nti|iuIatiou of details 

French ofliclal process ; “ extract at 100".”- Twenty e e of the 
wine are measiinsl into a platinum eaiisule having n flat bottom, 
and with a diameter of 5 ■> em and a depth of 2eiu Tlie eii|iKiilo 
H plaeisl oil a sleam-luith ovei an a|H'i'ture of !i em diiimeter, and 
till' eiaporiitioii eoiiliiiiiixl for six hoiiis. at the end of nlnili time 
the vessel is wiped, allowed to enol ill a desieeator. and weighed 

German otnclal process. In lleriiiani, the niethisl of drying at 
ItXr is also olheiiil tor wines lontiiniing less than t |S'r eent of 
extraet, but instead of being driixl foi six hours the vaiiiple is 
eva]s)rated on the liath diiimg alioiil foity niinntes only, until of 
the eonsisteney of a still syriiji, anil then dried in the men for 
two and a hall hours Fifty ee of the wine aiX' taken if Ihe |s'r- 
eentage of extiaet does not exieed .‘I. it between il and 4 a snialler 
xohime is employisl, siieh that not iiioie lhaii I grams ot extiaet 
uie present The platinum iapsides employed me of H.'i em 
diameter, 2tt em depth, and T.'i ee ea|sieity. ueighnig alaiiit 
20 grams ; the ii|M'itiin's of the steam-linth me of It eni dinmeter. 

For the pn'hmninry eiileulatioii, in onler to deeide how iiiiieh 
wine to take, it is mxessary to know the s|M'(ilie gravity of the wiiie 
deprived of its ahsihol This may Ih> ohtamed, as shown nlsivr, 
by dediietiiig the s|KX'itie gnivity of the distillate from that of the 
original nine ' IINX) The S|a'(ilie gMiity iOl.'i.'i eoires|Ninds 
with 4 grams, and 1011 li w itli il gniiiis, of extraelives in IINI e e of 
the wine 

For wines with iiioie than 4 (wr ix'iit of extinet the pin|sirlion 
is dedneixl from olKeiiil tables, whieli show the quantity of extract 
rorres|Miiiding with the s|MX'die gravity of the de-aleoholised wine. 

Total acidity. Twentydixe ee of the wine are heated to 
the commencement of ehulhtioii to injH'l carbon dioxide, and 
titrated whilst hot with deemarmal alkali, using litmus jiajuT oa 
iiidicator , The results are usually expressed in terms of tartaric 
oeid (ill France us sulphuric aeid); 1 c c .Y/lU-olliah -- 0'U076 gram 
of tartaric acid. 

Volatile acidity.- Fifty c e. of the wine, contained in a 
Hash of about 2tl0 c e. ea|iacity, arc distilled in a current of steam, 
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'Hjo nprrntioii is so iirraiij^t ns to allow tin* voliinio of llio iiiip 
toWni|mll\ nslunsi ituihoiil i .aftoi mIih'IiiI is uui^tiinl. 
and tlir (lis||lliitM»ii liiihinatisl wIumi llio uiluim* ol the 4ii.s(illa1<* 
in alMHil IT Tint* IS litiatisl wilh .V, 10-.ilkali, iisiin; iihciiol 
[ititliAloin as indit'Otor, and tin* n'siilt <>\])n‘ss(>d in (<‘rnis «d ar-rtic 
tU‘id Oiif (T of AMO alkali <1 (NMi frrnm (d a<H‘ti<'arid 
Fixed acidity. 11iis is ^iwn lo tlio dintniiu’ IioIwismi tin' 
total aiiditN .ind tlio Milalilo iu'idi(\ ran* lirin^ takon to o\|Mi‘ni 
the kitloi for this piir|ioar in toriiH of (aitano at'id l*!\aiiii>}o 

Total Uiidilv B 4o7 gram |mt ItHi <• i>, as tiiilaiii' lu id 

Volatile . MiiTo nsio'olii ami 

TIO'll IlM'd .ii|dll\ I) 4t~l7 IMliO I 0 |£IHMI ]M‘I 
llHi 1 ' I . I \|>iossi>d ,is tart.iiii cimi 

III 1 'isi‘nl Mars a i;oiid dial of iittiiilion Jus Ihsii drvntul to 
|ili\siid-i'liriiiuul iintliods of oxaniimii}; wiiu* Tin* aridil\. for 
mstniiro. litis )m‘i‘|| stiidinl ftoiti tlio |aiiiit of Mow of llit* f*oiii'i‘iilra 
tioii of tho li\droi;i‘n ions, as dotiTiiiincd h\ tiir \<'hK'it\ of ituorsion 
of smiosf A ^lu'ii ({iiHntit\ of sinioso ih dismiliisi in tlir uuir 
(aftor aii\ imcilasr pirsoiit lias lassi drsliovrd). .iiid tin niivtiiir 
kept at a (i‘iii|h railin' of Til i>\ moans of a hath of hoiliiiK (ailion 
t'IrtM'hloiido Fiom tlu‘ (piiiiititv of .sinioM iiiTituI in a pixrii 
tiiii« tin* iiiM'isioii uinstuiit is oUtaincd ' 

A iiiothod of ti'stiiifr Mim* fur fm* niiiiri<il ami, liasisl upon tin* 
variation of tlir clodinal coiidintivitx uhi’ii sniall (|iMnlilifs of 
alkali am uddod to tin* uini*. has hrcii dvsiriln'd h> Ifosoo and 
Beloaio * 

Kor a I(*n 4 ;thy stud) of (In* IIm'iI oiftann* anidn of mm*, with 
|Nirti«’iilar n‘f 2 anl to lartn* acid, sit* a |itt|M'r h\ (2 dc ANlia** 

Tartaric acid. This is tin* most impoitant of till' li\(sl 
acids in wine It is tni*scnt pnitl> as llic fiis* acid ainl |iartl.\ as 
cream of tartar, xiith a Miiall i|iiaiitit\ of (aldiiiii tartiato The 
total amount may he deteniiiinsl aieonlhiK to tin* Kn'inh oftnial 
proeeas oh folloua -- 

To 20 c c of the wine in an Krlennn\xer flank of about 2511 1 * e 
capaeity ia added 1 e c of a 10 jK'r eent hoIuIioii of polaMiuin 
bromide and 40 ec of a niixtun* of (sjnal xoluiiies of ctlier and 
alcohol (00 |N*r cent/ Tlic Husk ia elomsi and hliakcn, and then 
get antde for three daxa .\t the end of thiu lime the Inpiid la 

* For (letBili, MKi IhiOMt ami lJulivux, "Afiaij'wp ii<n Viiis” (f^aumnuic. 
ISIS) 

* Annah Vkim. Appt., lOllI, S, 233. 

* IbtU, 19IH> •. irM. rhetttml AhitrtKt^, lIUK, IS, 2224 
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deountcd through a small filter, and the flask and filter washed ^ith 
a little of the ether alcohol mixture The filter is then placed in 
Ihe flask, about 40 cc, of warm water am addisl, and the whole 
digcstisl till the preeipitab' is dissolved ; the solution is then titrated 
with iV/2» alknh, plii-nolphlhalein lieiii); iisisl as indicator If 
n 1mi the niiiiilicr of cubic centimetres rei|iiinsl, the total tartaric 
acid is given in teriiis of ensiiii of tartar and in grains per ll¥l c c, 
of the iniic by the etpressiiin » ^ l)(U7 1 bltS The riwilt iiiay 
1 k‘ (sinverlisl into terms of tartaric acid bj the factor II 7!I70 
With wines rich in sugar, it is well to use twiis' the i[niintitics 
of aleohol and ether (411 e c of each) addisl separately The alcohol 
IS first well iiiixisl with the wine, anil the ether adilisl nflerwaids : 
this molds the sr|airation of a synipj layer of sugar 
Cream of tartar. Ily oniitting the Iiotassinni bioiiiide, 
the HBiiie iiicihod serves for the estiinatioii of the iri'ani ol tartar 
III the wine 

Free tartaric acid. This is iS|ual to the dilTercnce between 
the total tartaric acid and the en-ain of tartar, expressisl as tartaric 
arid 

AUernatisrly, the (•eriiiaii oflieial (iiihcss inav be iisist In this, 
the total tartaric acid is deterniiiiisl neeonlnig to the inellnsl given 
bi*Iow, anil from this is dediieted the alkalinitr of the ash of the 
wine, ealeiilatisl as tartaric acid The asli from M c c (or 2."> e e 
if neli in sugar) is iIissoImsI hi 2tl c e of ,V 4-llt'l and 2il c e of 
water, heated just to boiling over a small flame to e\|s I carbon 
dioxide, and then titinled with X 4-Xnllll, using dcliiatc litmus 
|ia|aw as iiidirator Kachcr ot .V 4 III'I used up II Il.'l7."i gram 
of tartaric acid, since one nioleeiile of |silnssiiim cnibonafe is 
produced from two molecules of ereaiii of taitar 
,V disadiantage of the foregoing priscss for total lurl,iiii aiiil is 
the length of lime nspiinsl. If ipiieker results an- wniited, the 
following metliud may be used .■ 

To ItlO oe of the wine add 2 co of glacial aiTtic acid, OS e,c. 
of a 20 per cent suhition of imtassiuni acetate, and I.S grama of 
|H>wilrred |iotai«ium chloride Stir well to hasten the solution of 
tho last ingredient ,4dd 15 r c of alcohol (O.'i jier rent), and mb 
the sides of the veaael well with a glass rial for about a minute to 
promote the erystaUisatioii of the cream of.tartar: then let the 
“whole stood for at least fifteen hours. 

Secant the liquid through a thin asbestiai filter in a Gooch 
cmoible, transfeiring no more of the precipitate than is necessary. 
Wash the precipitate and filter three times with a small quantity 
of a mixture of potassium chloride (16 grams), alcohol (20 o.<t)i' 
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and watnr (UN) c c), iihiiig not mnn> tiuui 2(1 c <■ id tlio mixture 
alliiiiothor Kor thm iinrpini'. a Ivat-liilif littisl n-ilhli waih-liottir, 
arnuifiumriit of lilow-olT tiilxN h niiivoniciit Transfor tlio filtor 
and the preeiiiitate li> the lunker in which the preeipitalion wr<i 
effected, wash out (he emeilile with hot water luld about .'!() e e 
of hot water to dixsolve the ereiiiii of tartar, heat to hoiliii)', and 
titraff' the oolnlioii wilh deeiiiorinal alkali. iiHini; delieate litinna 
tinetiirc or |hi|ht aa iiidientor To the actual iiiiinlwr of cr 
napiinil add 1 .'i ns eorns'tion for the Miliibihtv of the pieeipitate, 
and nmlliply the result by IIOlo to |!i\e the total tnrtiirie acid iii 
grams per I(K) e e of the wine 

Citricacid. Ihsugessproiess.oniei.ilm Kraiiee.IHUHfollows . 
Tell e( of the wine uie shaken with iibont I giani of hsid dioMile, 
thill inisisl Milh 2 ee ot u Miliitum of iiien'uniiisaiilplinte (.> grama 
ol llgt). 2(1 1 e of fIfSO, eoiii'. Khl e e ol water), again shukeii up, 
and liltensl Kne or (i < e of the lillrate are rnlMsI to ebnllitioii 
III .1 teat liilw. mill one diop of u I )ier ismt nolutiou of iHitONUuni 
|H'iiiiaiigaiuite is added -Vfter the colour has dian]i|ieansl another 
dnip IS addisl; and so on up to ten dni|m 

Normal wines gi\e oiil.i n .slight eluudiiiesa under this tn-ntnient 
With 0 (d gram of eitne neid |«*r 100 e e there is a diatmet turbidity, 
and when the piojiortion renehes 0 (4 gyain and iijiwnnia, a thweiilent 
pns'ipitalo IS jirodnced 

The preseiii e ol eitrie lu id bin iiig Ikssi proved, isini|iarativ« 
experiments wdh sulutioiis eoiitamiiig known quontitiea of the arid 
serve to evaluuto the proportion 
Malic and succinic acids. - Tlie following metluHl, due 
to McHtrezttt, in dewrilasrhy (ia,\oii ami foiborile ( 

Two hnndnsi e e of the wine are iieiitralined with Miliitiim of 
barium hjiiroxide, then \erv aliglillv aeidihisl with three or fmir 
drops of n 3 per rent aolution of aeetie oeid, and eoneentratol to 
15 c.e under diminiahni pn-saure 
To tlio residue are added 2 e c of a Miiution of barium acetate 
(30 per cent), and sutHcicnt atrong alcohol to give about 30 per 
cent, strength in the mixture The pn-eijiitato thus obtained is 
Sltcred and washed with 80 per cent aksihol: it contains barium 
tartrate, malate, and succinate, gums, pectins, albumincuds and 
tannins. It is taken up with water acidified with sulphuric acid 
;about 3 per cent.), of which 12 to 16 o.e. sulBeo to liberate the acids 
com their combination with the liarium. 

Gteong alcohol io now added to tho mixture, bringing the total 
ndume up to* 100 o.o. The gums, pectins, and albuminoids we 
‘“VWp. 13(1. 
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pn’(‘i|>iliit<il. tliA aruU and tanniitfi in tlio alcolinlio 

,wiliili(in ' 

To I'lnniiuilc (III- liirtiirK arid. HO <‘c of the lii(iiid arc tiltcnNl 
oil. Hotiic |iotnsMiiiii ('lilr>ridc mid )Ki(<isHiiiin acetate addeil. and (he 
voliiiiie IS intiile u|i to IIM) ee uith nnter Tlun niivluFe la art 
aside for tno or thiee days to uIIoh' of the de|iosition of the tartaric 
acid ns cream ot tartar Tt is then liltensl. and the precitiitate 
unshed with (l.'> per cent alcohol The liltrate retains only traces 
of tartrate, appniicimately 001 ({ram |ier IflO ec, for A’liieh a 
coins tile disliietion should lie made rii'iitlialli 

In the liltnitc. the iiiiilie and siieeiiiie acids anil the tannins arc 
ii|(Hiii |iiecipitatcil liv ndilin({ Miliiliim of liuriiiiii liydnixide iii sli|{ht 
evecss. fiiiiitly acidifMii({ a|{aiii with acetic acid, and nddiiif{ slrnii({ 
iilisihol until the inixliiie is of iilioiit HO pci cent alcoholic s|rcii({lli 
The |)iccipiliilc IS liltensl ulT. washisl w'llli alcohol, and dissolvisl 
Ip wilier ali|{hlly acidilicd with liydnK'hlorie .md 

The isitniinlioii of the ninlie acid is made by n\i(lisin|{ the arid 
with initnsHiiiin |icrniaii|{annte, lint Isdon' this can be done i( is 
iKss'ssary to n-move llie tniniins This is ellis ted bi nddin({ a little 
Mihitioii ot men nry and nmiiioninm nisdaU's made up in the follow in(( 
(iroporl ions 

Mercuric nisdatc. 2.'i ({niiiis, ainiiionmin acetate. I(i<) uriiiiis; 
water to I litn* 

.\tter liltcrin({ olT the pns'ipitnte iinuhiccil and ex|H‘llin({ the siiuill 
■luantilv of alcohol pn'.sent. the lillratr is acidihcil with sulphuric 
Held anil (itrntisl with .V,a-|wrinaii({anatr Holiition Only the malic 
iiciil IS oxidisisl. the succinic acid is uiialfectisl To make the 
' cnd-|suiit iiion' distniit, n known quantity of omiIic acid may he 
lidded to the solution Iwfore litration. and the n'siilt rornsded 
aiss>idiii|{ly One cc of perman|{anatc OtHUa;) gf 

malic acid 

The titiatisl solution is niixisl with clean sand cMi|nirat(xl to 
dryness, and then extracted with ether to nx-nrer the siiceinie acid 
The residue left on e\aporatin(; the ether is then titrated with 
stanilani alkali If any small quantity of siilphunr acid has lH>en 
rn extrocted w itii the siurimc acid, the amount should be determined 
({rurinirtrirally and dixliirted from the titration result 

Lactic acid. This acid IS regardnl os ‘X normal constitiirnt 
of most whit's, and es|Hx'iaiIy of old wines The follow mg method 
of estimating it, duo to Mii'slmgcr,' dejienits ii|Min the fort that 
barium lactate is soluble in strong alcohol, whciv<is (he other borrim 
salts present arc inanliible in this medium 

> gntact. Sahr. Ornium., 1901, 1 11X3. 
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Take KM) i v <if Hic unu*. 4\tp(4 tho voIaHK* m kU uith HtoAm an 
(les4Ti)M*<l 111 tlK* lot <‘stimahn^ tlx'M* ai'mI;** iniiov«‘ thr^ 

n'AHluo tti a ]ior<'<‘liun Iiamii and tu^uIntliM* tlir rciiiHiniiig arid^t 
nitli lionuin h>dr()\idi> miIiiIioh uMiig liltniiK ah iiulioAtor 
TImii ad<l 5 tn 10 v v of a 10 |mt crnt *<011111011 of hariiini olilorido 
pva])oial4‘ till* liquul to nlKtiit cc nnd n*s|or<* tho iioutrallty, 
if noA'H^An, with ti fi*u dro))*i of tlio Imriiim liidroMdc M>liition 
Noh add (fiiofiilli iiitli ion<<tfliit stiriinir. mdiiII (|Uflntilii's of jiiin* 
nU'ohol (!Mi |M<r (riil ) iinlil tlic li(|iii(] )iA« 11 voliiinc' of 70 to !^) r <* ; 
tnimfoi it to » IlNi < ( llnnk. nnd iiiakr tin* \o]iiiin' ii|p t<» (In* mark 
mill tin* nii'oliol Kilter olT SO t*<■ through 11 dri fohird tiltei, ndd 
a hllle Vinter to the Idtinle. nnd einiMunte it to driliess ill n 
))liitiiniin ui|iMile [glide the ie»>idue eiiiefiillv, «ithoiit pU'diing 
the m<iiiet.i1ioii so f.ii ns to gi\<' ft uiiiti' iish, mid determine the 
aikuhnitv of the .ish with V 2 01 .V 4 11(1. eometting the riwnit 
into terms of iioimal nlkali {nt ItN) < e of the wme One 4‘e of 
lY-1 alkali 0 00 gram of lft( lie neid 

GlyCBrol. I'hongh rathiM lengthy, tin* (ii*riiniii oflieiul method 
of esiiinatiiig the gUnnil III uiiie is the one nhieli. on Ihe hIioIo, 
Ap|M'«ir« host to use The proei'fliiie \nrie*i Honn'vihat. iiieoiding 
im (he mile i** inh 01 poor in siigiir this mil nltemh have l>is<n 
d.'leriniiitsi lioiM the ninoiint of h>ed ri'sidue 01 ''extrmt," or h,v 
eHlennlioii ot (he siignr 

(n) Wines with less than 2 grams of sugar per 100 c.e. One 
hiindnsl r e of the mne me e\n]NirAtHl in a ]K)reelftin Imhiii on (lie 
wftter-lmth till the volume is nsluied lo about 10 ee With the 
nsndue I gram of Kfttid is niivd nnd then huDieieiit milk of lime 
(40 p*r rent htrength) w Hd<h*d to give fr4nii 1 o to 2 er of the 
*' milk ” for each grftm of extract present Tin* mixtun* w evn|)o- 
ratml (<» near drynons. and 5 e c of !NI ikt eent alcohol added 
The |fortioiiH ftdher(*nt to the auh's of the imsin an* detuelnsl mth 
a spatula, aiul the nhnle niaeerated with a glass ‘'eriiHlier' to a 
thin cream, small qnantitien of (lie Rtmng alcoh<»l Inuiig A<ided from 
time to time After rmatng ofi the apatula nith alcohol, thi Inuiln 
ia wanned on (he iMlh with coiibtaiii agitation until ebullition 
commences, and the turbid aleohohe liquid ponn>d through a 
funnel into a 100 e e flask About 10 to 12 e c of the tW |ier eent 
alcohol are added ts the pulverulent reaifiue m the Ittsm. the 
mixture is again warmed and atiired, and jKiured of! into the Hoak 
UtiB is repeaUd until the latti*! contains about Oil e c. of liquid, 
afUT which the fuiinel is rinsed, the flask cooled, and the volume 
made up to 100 c c at iho temperature Ifl'd” with mon* of the 
atrong alcohol. After being well mixed, the contents are Altered 
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through a foldwl filter, anil flO c c of the filtrate evaimrated gOBtly 
jin the water-'oath The rreidue ie taken up with Hmall quantitiea 
of aliHolute alcohol and transferred to a atoppen-d graduaterl tube, 
iintd the volume obtained la exactly 15 c c. To this, three aeparate 
i|uantitiea of 7 5 c c of dehjdrati'd ether are added, ahaking well 
after each addition The lube, eloaed, ia then allowed to atand 
until Uic lii{ui(l la quite clear; tire aulution ia )Kiuied off ilkto a 
tnred weighing'llaak providisl with a atoppor, and the tulie rinaod 
out with about ■'i c c of mixed other and alcohol (3 ether 3 alcohol, 
both “ abholiitu ”) After expulsion of the aolvenia by gentle 
evaporation on the bath, tin) ayrupy rvaidne ia drnsl in the ateaoi 
oven for one hour, allowed to I'ool in the deaieeator. and weighed 
The result iniiHt, of eoiirsi', 1 m‘ niultipluxl by 10()/!M1, as onl\ fit) e e. 
of liltiale were taken for evaporating 
(5) Wines with 2 grams, or more, of sugar per KHI e.c. - In aneh 
eusea, 50 ee of the wine arc taken in a large llaak and warmed 
on the bath, I gram of Hand ia added, and then imik of lime in 
amall quantities until the mixture, at first deep rolounsi, becomes 
lighter and gives off an alkaline odour After being heated and 
well sliaken for a time, on the water-bath, the mixture is cooled, 
and 100 c.e of alcohol (00 per ci-nt) are addisl The precipitate 
is idlowed to settle, and is then filtered and washed with alcohol; 
the filtrate and wnnhings an- eva|Kirated, and llie residue is treated 
as in (ii), by taking up with absolute alcohol, and so on. 

A inodilhxl form of tins pnicess is pro)Kis<xl bj .M Csuitiinea * 
Sugars.- To obtain a solution in which the sugan may be 
determined and the |silarisntiun value ob.cived, place 100 ec. of 
the wine in a porcelain liasin, and neutralise it rmc% with sndinm 
hydroxide solution Tlieii add a drop of dilute auetic arid, to 
ensure tliat tliere is not oven a trace of alkali in exeeas Tlic very 
faint lU'idity will not alfcet the sugars, whereas alkali readily acts 
on them when heated Kvaporate the wine down on the water- 
bath to about one-thini or one-fourth of ita bulk in order to expel 
the alcohol, and then wash the residue into a 200 e c, fiask Add s 
slight excess of lead subacctate solution; 5 to 10 e e. wiU usu^y 
sulliee. If the liquid is too turbid to judge when an excess is 
jiresent, withdraw a drop and test it with red litmus paper; the 
basic lead acetate has an alkaline reaction Allow the precipitate 
to settle, end then add a saturated solution of sodium sulphate, 
little by little, until the excess of lead ia precipitated aa sulphate. 
Make up the bulk with water to 200 c c, mix veil, allow the pre¬ 
cipitate to settle, and filter the liquid through a diy filter. 

Okm. imt., 1919, W, 114a. 
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The poIflKnietrr rending of the filtrate in Inken in n 2-deiii tube,. 
and multiplied hy 2 to corrcet tiir the diliitnin • 

A part of the filtrate (IH) e e ) is then mvertinl ns deMTiln’d Mow 
under “ iSarehnrose,” but using 5 fre of htdroililorir neul nnd 
making the final bulk up to IIIO o e The iHiInrimeter rending 
of thu inverted b(|uid in taken in the 2-dem tiilie an More, but 
mulHplual liy 4 to com*ct for the doiibie dilution If thin renult la 
lower than the firnt, nneeharuso in indieateil, if the two lenilts are 
aeiinibly equal, saeeliaiose eaii be riileil out, and onlv the exaiiiina- 
tinn for mliii'iiig sugars neni be pnxnshsl with 
, Saeeharone is determinnl in the inverted liquid, nnd the redueiiig 
augnrs in the jiart of the liltiate wliuli ban not been mvertisl 
Either a grarimetrie or a voliioietrie entimation bj iiieaiiH of 
Eebliiig's Holution iiia\ la* einplniisl, tbe bqiiidn to be timted bi'iilg 
suitably diliitisl, if nreessarv, to bring their eontent of sugar down 
to not iiioie than I |a‘r rent if the usual qiinntitiea on' taken 

The foregoing proeesa, it may lie iintnl, taken no a.'eoiint of tlio 
volume ot the preeipitate pnaliienl h\ the lead aeeliito in the 
SK) ce Hank lienee some o|K'ratora prefer to priH-tssI an 
follow'K 

Preparation of the sample, IhslueISfroin the eatrael jH'nentngii; 
the remainder in approximatelv the |M'reentag« of sugar If tliin 
is not greater than I, tlie wine in taken without dilution for the 
further 0 )H'ratioiis If gn-ater than I, dilute a eonvenient quantity 
no an to bring the pi'reentage of aiigar doivn to I or Icsa In either 
ease take lilt) ee of the wine, diliitisl if necessary, neiitraliae it 
very ean'fully with sodiiiin hydn>.xide aolution, add a drop ot dilute 
acetic acid, and evaporate it in a porcelain haam to one fourth itn 
original bulk in order to expel the alcohol Cool, and make up 
the liquid to the origmai xoluiiie in a flask which will hold nioro 
than Itl 0 e above the ItM) i‘ c mark Add 10 c e of lead nulaiectate 
solution, bliake, and filter To fill e c of the filtrate add ft c c of 
a saturated solution of aodiiini aulpbate, shake, and again filter. 
this filtrate serves for Ute sugar estimations. By the additiim of 
Uie lead acetate and sixlium sulphate solutions the volume has 
been im'nxuied, in effect, liy one-fifth; this must, of courae, be 
taken account of m the ealeulations, an well as the prebmuuu'y 
dilution of the wur, if any 

(1). Reduelng tnfafs.--Twenly-flve ee of the [nepaml wino 
ate taken, and the rrduenig sugars determined gravimetneally ot 
uulumettically by ineann of FehlingV solution in the usual way. 
The polaiimrtric value of the uninverted solution is also determined, 
uaiiig the 2-dciB, tube. 
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(2) SaocharoM. -Twenty-five e r of ttic preiiami tUlratc are 
inverted liy tite Clergel nietliiHl TIui lii|ui(l U plaeed in a r>() e e. 
Hank, 2 !i e e of strong liydroelilorte iieid are added, a thermnnietor 
IS pladsl in the liijiiid, and the flask healed in a lieaker of water 
tdl the thermoiiieler shows (W The temperature is kept between 
tlH" and 70° for li\n minutes, when tlie liosk is eoulud, the solution 
iieaily neutralised with i-austie soda, anil iiiiide up to ,'iU ee' Of 
this, 40 ee may 1 m‘ taken for the ginviiiietne or rohiinetrie deter¬ 
mination of the mierl-siigar h\ tlie Feliliiig pniee-si, a,id tho 
remainder used for olilaiiimg the [Kiliininetiie value after inversion, 
if tins IS nsiiiired 

Polarisation. When the sugars are not estiniatial, we may 
proeeisl ns follows In the ease of while wines, fake 00 ee, 
neutralise earefnllv, evaporate on the walei Isilli to two thirds the 
original voluine. n-store the voiiime to 00 i e, add II e e of iead 
siiiiaeetnle soinlion, and litter To III .1 e e of the lilirate add 
I .1 ee (d a saturated solution of siHliiim sulphate oi eaihonate. 
filler, and |Kihirise in a 2IMt inni tube Tlie volume is m elTis-t, 
inereasisl liy one-tenth tliroiigh tlie adilitions made, and the reading 
of the insliiiinent must Is- eorreeted aeeordingK 

With red wines, 00e e nreeva|siiatedtoone tiind after iieiiliahsa- 
lion, filtered, made up to the original volume, tiealisl with 0 ee 
of lead suhaeelate. and n'-lillered To llll ei- of the lillrale, II i e 
of sodium sulphate sohilion an- addisl. the liipiid again Idtensl, and 
llieii |Kilnn.sed In this ease, tlie voluine has Is-en inen-ased hy 
one liCIh 

lied wines me sometimes dlflieiilt to “elear' satisfaetorily. 
If the treatmeiil with lead aeetate diM's not siifliee, animal ehareoal 
may Ik‘ used, in the proportion of 5 0 grams jier 100 ee of wine. 
The neutralised sample, evn|Hirute<l to one-half, is digestnl on the 
hath for about a i|nnrter of an hour, and filter'd Tho washing 
of tho ehareoal must be thoiougli. 200 21X1 e e of water may be 
miuinsl. The washings are kept ajiart from th- mam liltrato 
and eva|)orat(d to a small bulk, then uddeil, and the whole made 
up with water to the original volume 

.T liUborde* reenminends treatment with isitassium jiermanganato 
for deeolonsing red wines A saturated solution of this salt is 
added drop by drop to 100 e e of the wine, kept stirred, until the 
red colour ekanges cumpletcly to bron-n, giving in generai a precipi¬ 
tate of oxidised tannins The voluino requimi is noted- -it is 
rarely more than 4 c c , then 6 c e of lead subecetate are addrtl 
and tho voluim- completed with water to 110 c.c. After being well' 

1 p. 186. 
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stirrrcl, the luiniil h KIton'd. );uuii> ii elenr hikI i iilmirlot. or Kliplilly 
vi'llow, flllralp • 

'Ash. ‘If the (‘XIrAot )iH*i Ihtii «K‘ti‘riiiiiinl tlir 4*\n|Niralioii 
mi'tliud. the n^ai'iluo ohlaiiivd max hriiM'd fm tin* of tlio 

otih Othvr^iM* taki* 25 im* of the Niiniple for (his dtdoriiiinalioii 
It is often eoiivenient. nith nines 4‘oiitniiiitii; iiiiii'h Mi^sar, 1o char 
andfxlnu't the inahs nilh nalei, ns desentied f<ii IIikt (|> I7S) 
Sulphates. Heyoiid (he sulphates nniinalh pn'^eiil, (lie 
quantity may lie inensiv^il thnai^dk the oxidation tif Milphites added 
for preservatiie piirpoties, and h\ su)|ilia(e iiseil for phialeniiK'* 
Tp (o a innviiniiin of 2 Iranis iht htie (uileiilnled ah potiihhiiiiii 
Hid|ihate). (he lattei lUlditinii is ieiopiis(>d m eeitain eouiitrieh 
e if Spam and Italy. (he ohjeet (he ilanlieatioii of (he nine 
The pieiipitate of <ah mm taitiiile pKahieed nheii (.ilemm Mi)|ilia(i‘ 
la mixed nith (he mile <.uiieh donn siih)H‘n<hs| Mi(id inalters as 
It hettles. and the potiisNiiim hiil])hale lesuitm^' tioiii the leaetion 
hetms'ii the e.ihiuin sulphate and (he in*am of (ait. i lemams in 
bohitioii It Is I hiel)\ in eoiniei tion mih (his (piehtion of pluhter- 
in)! ' that the ehtiinatioii of the sulphates ih iiiqMiitant in the 
unal>sis of nine Xornialh nine eiaitamh alMiiit 0112 to OtNi 
gram of sidphali s la i 100 i e , ealeiilalisl as laitasMiiiu hulphate 
III (reiierai thi sulphates aie pmipilatisl in the nine itM'lf. 
llnaii'h the .ish i an In* used in iirditiai \ < asea Kifly e « aie ai'iditied 
nitli 1 ( ( of h\dr(K'lihaif ai'iil. laised to hoiliuk;, and if any kiiI 
pliite IS pr<‘hen( iNiihsl down to ahoiit .'{0 i i to expel siilphiir 
dioxule Then to (he still htuhiiK lupiid 5 (‘e of a Itt ]mt eeiit 
aohiliun of Imriiiiii ehloiale an^ added diop In drop, the lioiliii|{ im 
eontinued for a fen minutes, (he nJiole diluted nith hot nater to 
alMMit floiihle (III* on^tmal \oIume and di^ehti'il for Muiie hours on 
till* hteam hath It is nell to let the pieiqHtate stand all 
Aud to tiller (hnaigh a double liltei Tin preiipitate is nikshed 
earefnily, dried. igiiitiHl, and neighed The ri*sul( ih iihuhHv ex¬ 
pressed in terms of iMitasHiuiii sulphate 
PhosphatOS. Almut l gram of oxiduaiig iiiixliire (1 |mii(- 
KNOj and 3 |iarts XagC'd^) is addisl to .lO ei* of the nine in a 
pUtinuni ta]iNii(c» the mixture cvajNM’atisl to (IrwieiM, and the 
residue memerat^'d In the resulting aa}i» taken up nith diliilo 
nifcriG acid and heal I'd to lioiliitg for a short tinic to I'onvert any 
pycopliosphaksi into orthojihinphatea, the jilioaphorie neid is 
prueipituti*!! nrith ammonium mulyhdaliv solution m the usual 
onaner, and either weighe 1 as tha aidmoiiium'phosphomolybdate, 
or oonrerted*into the mx'jn'^^'um ammonium salt and nreiglu>rl as 
mogncaiuiQ pyropho8[diate. 
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PhmifhnniH pxiittH in wino both in orj'anu! ruuibinntinn, chiafly 
iu< Ircithiii, aii'I iu< innrganir compuunila “ Mans ” vinca, made by 
‘mixing a HDlulion of ani^r vith the “ mans ” isr akina of the graiioa, 
and fvcinciiting tho mixture, are deficient in |)hoa|iliatea. On tlie 
other hand, aneet uiiiea that have iK'Cn made fnmi cisncentrated 
*' inuat" liavo n high iihoaphate content 
Sulphurous acid. -'I'hia aeid may exist in «ine, nut n-crely 
as dissolvixl Hiil|iliur dioxide, but also in eombination vith various 
ronslitueiits - e 17 , ulilehydea, sugars, eolouriiig matlfrs, and tannins, 
ileiiee tho din-el ileterimnation by nieaiis of iodine in this ixild does 
not give aeeiiruto resiills; Init the siil|iliur dioxidi' may be distilled 
off eomplelely in a eiirn-iit of eiirlioii dioxide. o.\idiseil liy iodine, 
and the n'siilting sid|iliurio ueid |inx'i|iitated as iisind vith liarium 
I'lilonde and veiglied 

'I'lio Knmeh ollieml jinKX'ss deserds'S a |ii'eliniiii!iiN test to nseer- 
tam whether the amount of sutiihlir dioxide piesent e.\etx'iN 003 
gram per 100 e 0 If it does, the distillation nietliiHl is used for tho 
estimation, os tollovs 

A flask of about 400 e c ea|uiuity is fillisl vith a tvo-lioled luhlicr 
stnp|HT rarr\mg an entiaiiee tube reaching to the bottom of the 
llosk, and eoniieeled with an apparatus tor gi'iieratiiig carbon 
dioxide 'I’lie exit tiilie is attached to a large I'ehgol absorption 
tube, of which tho bulbs nni each of about ItN) t e ra|iaeity The 
air IS first ex|H'lled from the iipiwraliis vilh a eiinx-nt of t'O^ gos, 
and then 30 to 30 e c of iishiie solution (3 grams ol 1 |- 7 3 grams 
of KI pur htre) are mtrudiieed uito the I’eligot tube Thu stopper 
of tho flask IS raised, ami without interrupting the current of carbon 
dioxide, 100 e e of the vine are |)ussml into the lliisk from a pi|iette, 
fullomsl by !i c e ot phosphoric acid (sp gr 1 (>0) Afli'r re-eloaing, 
the flask; at the end of a little time, is heated until about one-half 
of tho wine has distillod ox’er into tlie bulb-lube, vhieh it is veil to 
immerse iii void vatej' during the opemtion Tlio contents arc 
then transfern'd to a beaker, and the sulphuric acid precipitated 
with barium ehloride 111 tho usual luaiiner 
Weight of Ba 8 U,uhtamcd s. 027408 gram of yu, per 100 c.e. 
Tho (jennan olficial mcthuit is ^similar, except that a Liebig ' 
eundcuscr is iiisortnl between the lluk and the I’ebgot tube. 

tiayon and Laborde‘ dU|iense with the eurrent of carbon dioxide 
and the large bulb-lube, proceeding as follows 
A flask of 330-300 c.c. capacity is filled with carbon dioxide to 
ruplaee the air, 100 c.c. of tho wino and 2 c.c. of s^iupy phosphorlfi - 
acid arc introduced, and the flask is connected with, a spiral OOB- ' 
‘ " Vim," p. IS3, 
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denser to w'hioh In ftttAolird a delivery lulie dniwn out to a very 
narrow bore nt itn lower end Tins di|M into a HfHMjial AbMor|itioii 
tubt\ the ]t»A4T ]mrt of whit li is similiir to ii t(*st inlx* mid the iip)N‘^ 
portion cxpAiuled into a hnlh of hImmU SO IIK) v <• euput ity H 
C.c of iodine Holiitioii (of Mieh Mirnglh th.il I re <HMl2 ^lani 
of iSOf) are plneiwl in th(‘ Absorption tiilie mid tin* uiiie is dialilled, 
gantV At first nnd nfreriiurds nion* mpidU, until nil the oleohol 
has pasHiMl OUT The sulphur dioude k nhsorln'd Miliioiit loss, 
AS tlie huhides issuing from the line delixei) tube me \er\ siiiall, 
and hiiie to tnixerM* a eohimn ot iiMliiie solution more thiiii 10 
ein lon^ If al the end of the distillation then' is hlilt Miine imliiie 
ri'iiiamiiiu the ipiatilitv of SO^ pn'seni is hs*. than Ollla pain, 
mid the o|HTalion enn he leiiiiiiiated if llii^ all that it is teqiiiied 
to kiiou . otlienuse the InpiMl is nmiousl to a iMNiker and pieeipo 
tnled with Imniini ehlonde Ah iiHia) Should the imline shou nipih 
of lasinmiit' all iiced up dmin},^the distiDution. n further (|unntUy 
iM At 0!us‘ added 

Salicylic acid. Il is nften hulluient lor ipialitnlivt* pur* 
{N>ses iiiereK lo add a <liop or tuo of dilute, neutral Miliitnai of 
ferrn (hloiide (o a little of the disfilinte obtained from nine mid 
eontaimsi in a poierlnin dwli \nx appn'enibh* rpiaiititx of addeit 
HAhevlio and uill reveal itself bv tin* violet eolorAlion priNlmed 
Minute Irnees, hoMevei an* often iiiitiiralh preHenl in wine If 
then' JH mi\ doubt 50 a of the eaiiiple aie aeuliiled uith a feu 
<1ro])s of huliochlonc aeni, ainl shak<‘ii piitlv with 50 ee of n 
mixtiin* of onhnnrx ether and pHnileuni ether (eijiinl vohiitiea), 
the ether e\tnu*t separated, paxsisl through a dr) filter, and e>a]Mir' 
uU'd stNuitainsnisI) to drymsis (In now testing uitli a lilth* \ei‘\ 
diliiU' feme (blonde ^diition, a H(ron|( \ioh‘( or reddish*\iolel 
eolonr is uhtaiiKsl if salieylie acid is pteseiit in si'iiNihle i|iimiti1x 

To eatiniate the amount tin* foIloHinir prcHcss, due to Vn*henius 
and Orunhut,^ may he einplo)<sl 

Twenty-five or 50 er of tlie wiiii* are aeiditiiNl with dilute huI* 
phuric or hydroehlorie acid, and exiraetisl repeaf(‘dly in a separator 
with A mixtun* of ordinary ether and (letroleum ether (ispial 
volumes) From the niixixl ethereal extracts tlu' Ha]ie)’he arid ia 
removed by extraction with two Mueeefwive ({uantities of 10 ec 
each of decinonual^ioda solution, followed by two w'ashings with 
^ter. The combined alkaline solutions an' run into, a stoppered 
flask of about ISO e c. capacity, and the traeps of dissolved ether 
e^Ued by heating on the steam-batlr. The rooted liquid is*thcn 
titrated in the following manner. 

' ZntKh. smI. CAsm.. 18M, tt. m. 
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Tlic •folntion h nntt noiitrnliHiMl with liwlriK'lilnrit* neirl, and a 
votiing* of hmmiiio Holiition " (12 4UK ^rnnw of KHr •{- 
.f lHI of KI»rOj |M‘r lilic) is added, the (|uatitif> de|N‘ndm); 
ii|io|i the iinioiiTit ot Mi1ie\lie aeid wliieli is likely to lie pn^M'nt. 
At hsiHf tuus' the ((iiaritily of hniinini' H'quiml for the reaction 
(se(‘ liehov) ahoiild Im* added Ten e e of strong h,\droehlorie acid 
are NOW lull IN. the flask is at onee closed, shaken f;en(ly to mis the 
eonleiits, and jilansl in a eold hath for ten niiiiiites 
An excess of |Kitassiiit!i nalide Kolution (10 ]M'r cent sfrenjrth) ia 
then run into the Husk, and after standing for Iim* inmnfes the 
liherated HKliiie is titrated with deeiiiorinal (hio.siilphate Mihitinn 
and stall h in the usual manner To sfaiidaidise the “ hroniine 
siihilioii " a hlank <‘\{N‘riiiieiil is l arrusl out iii preiiselv thi^ same 
wav on a volume ot water shinlnr to (hat of (he iieutialiMs] extract 
The <|iiantit,v of iiNline lilN‘niled in the sani|ile will In* less Ilian 
that in the blank expeiiniimt liy the ainnniit of ha]ot;en usisi up 
h> the sain vile luid. and from (he (S|iialion uiveti below, (Ins 
ainoniits to (i halogen atoms for eaeli mohsiile of sali(‘}Iii aeid 
lienee the dilTeieiiee Mweeii the volumes ot IhioMilphate solution 
leqiiinsi for the two titrations, exptessisl in <iibie (entmieties and 
multiplied bv 0tMi2;), gives the weight in uiams of (be saluvlie 
aeid pr(*N(‘iil 
Rflaetlons 

(1) (Vri(()ll)(*(M>M I SKr (VllgltriOHr . IIIHr • 

(2) (*gll|lb,(Htr ! 2KI (glljltr,OK > Kllr ' I., 

so that Iiltiiiiat4‘lv 0 atoms of halogen are iisisl up hv om* inoleeiile 
ot sidi(\vlie aeui 

The " hroiiime solution'' liherates bromine on midifving, in 
airoidaiiee with the e«(iiatioii 

KHrOj I oKIli ' lillCl liKt'l 211,0 , (iltr 
Its stri'iigth IS alNMit U 01 giam ot Mr iwr e < 

S&CCllB.riOL I'^or tin* deteethm of sueehiiiin in wine and other 
beveragi*s. twti tests an* geiuTidly ix'IuhI u|m»ii - (1) the eliaraelerwlie 
sweet taste of the suhstAnev, ohtaiiusl ns an idher extract from the 
wine, and (2) the conversion of the saeoluirin into salievlie aeid. 
As n'giirds (Iu'm*. it may In* ri'iiiarktsl that a swi*et taste alone is 
not absidiitely ismelusive. ainei* it might be due to ilulein, another 
nriilieial sweetening ingredient Atmv. since Haheylio aeid may be 
pix'seiit ns such, caro must bo taken to remove it before applying 
the seeomi test Vor the quantitative determination of such small 
prot>ortiona of saevhann as are met with in beverages, probably 
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the mv‘tho<) U the f>xidiitioii of tlir suK«>tan<r hy fiixron uilh 
an oxuUiiiiK mixtnns and estiinntinii of tlir n*slllH^^^sutpllH((‘ 

(I) Hie wine does not contain salloyllc neld. (hio Inuidi'i'fl nm) 
fifty (‘(’ of the Kninple nn^ niix^l uith Hind in o (Ktreelidu linMii, 
and evajiorHted on (he unter-1»ath . '2 ee of Mrnpy plunplione 
aeid an* iidd«>4!. iind tin* ln^^^ l^ extnieted uurni uilli a iiiixliin* 
of etjier and (M’ttoleuiii ether (equul \oluin(*i«), a “eriidier'* 
liein^ list'd to break tloan the miIiiIs during the I'xtraetioii 'Plit' 
etlicieal exlniet is pouriNl off through an aslns>tO}> lilter, and the 
extraelion n‘|K‘attHl until IKNl er tif liltrute are tihlained One' 
third of the liltrate is taken for the ipmlitalni* tents Tt ih evn))or- 
iited to a nriiall liulk, ami thi'U reintivinl to a shoit. ^\Mte test IuIh* 
or a iMircrlam ermihte \ siimll |m>i(ioii is withdrawn and e\ii]H>r 
nted on a uateh glass foi lasting if Iht* sueel taste is delet'ied th<‘ 
remaindiT i»f the solution is evA|a>ratetl to tIrMiess in the tula' or 
eniuhle, then mixed with 2 e e of a •! |H‘r eeiit stihition of 
hydroxide, and again taken lotlivniss The residue is next heated 
in an ml hath to 2.>0 for thiil> niiiiutoH to elTist the ron\erHion 
of the saei harm into sidicUu neid After looliiig, the siihslAtus* 
isdissohed in a litlh* \vntir. addilied aith sulphurit a<id. reinoMsI 
to u sejuirator and extiaeled with ether The etheri'Hl extraet H 
wasliist vMtii a leu dtojis of ualer to ieino\e an> tiios's ol suiitliuiie 
aud then evaporuti'd to dr^^ness and tested uilh a droji or (uo of 
a dilute, neutral holulioii of feria ihlonile to ohlaiii the \iolel 
< olour due to saliev In* n< id 

For the estiniiition, the remaining tuothinls of the filtrate 
( • ItKI « e of the uine) are evaiaiialed to dr\ness, the ri'sidiie 
dissolved in dilute solution of wMliuni earhonate, and Hltensl into 
a platinum ea|isule 1'he liquid is eMipoiuti*!! to diyness and mixed 
uith four or five linns its weight ol dr) sinIiuiii eailionate, this 
mixtuie Is then added a little at a time to an ex(i*ss of jsitushium 
nitrate kept fus«*d in a i>lalinum eruuhle After cooling, the melt 
iM diKMilved out with hot water. Iruimferred to a heaker, isiveml 
with a watch gluss to piH’veiit Jiuw by i‘(fer\eM'ejue, then carefully 
acidified with liydnK'hlorie arid, and the huipbate pixTipilalcd with 
b&riuiii chloride and detennined in the usual manner llie weight 
of barium sulphate nhlained >'0 7Hri7 weight of saccharin in 
the 1(H) c e of wine taken 

(II.) The wine contains salicylic acid. The following ]irrM*edun* 
ia deacribed by Blari'X*. -> 

^Two hundred c.e. of wine are acidilied with 2 grams of sy^jiy 
phusphorie nqjd ai^ eva]K)rated to a little leas than half the original 
* Oftyi>u anti LaUmie, " Vuw/' p. 201. 
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voliinip After the TpHidiie )ia» cooled fiomeirhAt, 5 r c of a 5 per 
mi( wilutioii of |M>tAMHium |>crnmnpinAtc arc nm hi, little by litUCp 
i.i llirce portions amt ntirring after each addition When the colour of 
the |MTi)uin^.inate has diMapiH'arecI and the ri'ni tion. fthieh ia tihuwn 
h) the pUNliietion of hiihhleH, huH termiiuiled, the (cmilH) wdutiun 
IS e\tiiieleil \iith tdhiT For this |iurp(»se 70 to 7o ec u( ether 
arc placed iii a se|)aralor of about c e eii|incity, and Titi c c of 
tht> prcjam'd i^ine ^aam'd iii. the iiii\lim> is tlnai shaken vigoronidy 
during tuo or time minutes, and this shaking is re{M‘nted tiro or 
lliMs' times Alter separating, tlie e.xtrueted uinc is lun <»t1. and 
the rt’st of the pre|Niied u'iiie is jHisstsl into the same ether and 
lieated ill the same nay The ethereal solution is non alloned 
to S(>}Niriile eoinpleleh, faissisl tliioiigh a lilter, and I'luporated to 
(lr\ness, tiie drv risnliie isin non In* testisl as betoit' hy the taste 
and Die lonicrsioii into suhexlic aeid 

The preseiiet‘ of saiicilie acid in the nine does not, of isairso, 
alTeet the fiHtittwfion of the HRceharin hy tin* sulpliate process dist- 
erilsMl above An approMiimte estimation (d Die saccliariu. hon'- 
ever, can also he made liy noting the depth of colour guen nith 
feme ehloride in the fusion (esl for smsdniiiii ennied out on nine 
tmitisl mill |M‘rmniigainitc ns aho\e desirilxsl, comp.ir(sl nith the 
colour ohtaiiKsI from kiionii <|imtitities of saln^lie arid One 
huiidrisl anil thiiU eiuht pnits ot the lattei aic gi\eii hy 1H2 pAits 
of saetdmnn 

Dulcin. Ill order to deleet this artilicial sneeteinng suhstamcp 
.'itM) cc of the nine are iiiivul nith 20 grams ot lead <'aihoimte 
and cMi|Kirated on the water Imth to a |Ms 1\ eonMstcin\s This in 
evtnietisl n*)M'nt<slly with ahohol. Hie exiraet evn|Kiruled to dry- 
iiiws, and Hie ri‘sidiie evtriu'tisl niHi ether On evaporating the 
ether, duh iii is left in the ri*sidiie, and max In* ideiitilied as tollons: 

(i) A iNirtioii is mixed with ahoiil .7 e e of water in a test-tube, 
and 2-4 dro})s of a solution of niereiirie nitrate aie atldcil The 
tiibi' is then heated for live to ten minute^ in Imiling natiT If 
duleiii is pn^Miit. a faint violet coloration is obtained, which lM>eomea 
dis»(N'r on adding a little lead dioxide ^ Tlie iiieivuric nitrate solu¬ 
tion is made by dissolving 1 -2 grams of fresldy iireeipitaied mercuric 
oxide m nitnc acid, diluting the Holiition, and adthug eauatie aoda 
solution in suOicieni quantity juat to give a little )K‘rmanent pre- 
eipitate The liquid is then diluted to about 17 cv, allowed to 
s(4tle, and ike clear iKirtion dccantisl off for use. 

(it) -> Amither iMirtion uf«the residue is mixisl nith 2>3 tlropsi^ol 
pure phenol and an equal x'olume of strong sulphuric, aeid, and the 
* Jurutieii i «/• lice. Chem, /nJ., IdDO, 15k ^20. 
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Oixtora hentiil (n boiling for n short time After cixiling, e little 
of the product is puuied into a tesl-talH-, eater ui^lctl to about 
half fill the tulie, and the mixture shaheii up eell tin earrliill}* 
pouring a little ainiiinnia or mxiinin hydroxide Milutiun on to the 
Gquid. a blue nng is obtained at the Mirfaee of eontaet if diileiii 
a as pn-M-nt 

Ta nnin . An npproMninte evaluation of the tniiiiiii, of the 
nature of a rough pri'liiiiiiuirv estiiiiatioii. is given by the folloeiiig 
German pniero 

Take IIKI e e of the nine, ex)X'l the carbon dioxide, and neutralise 
the free acids, if necessary, uith atandani alkali so far as to obtain 
an acidity of tl ,"i gram )K‘r KM) e e. ealciilated as tartarie acid 
(Take tlie total acidity, alieody deterniinisl on another gsirtion of 
the wiin', as a guide to the aiiioiiiit of alkali to lx- addisl) 

Add I c c of a 4tl per cent solution of sislinin aisdate. aiitl then, 
drop by drop, a ID piT n-nl soliilioii of feme eliloiide until no 
further pns'ipilale is |uiabie(sl hiieh drop of tlie feme eliloridn 
solution pieiipitates D D.') grain of laiiiiin 

For tlii‘ more |iiis'ise deterininnlioii of the tannin in uiiu' the 
iiiethixl (I’l s) dew ribed uiidtT “ t'lder " (p Is:!) may be nwd, with 
the lollowinu iiiiabliealioii 

Ten e e of the wuie (or if iich ill taiiniii) am plms-d in a jains'lain 
ii.tsui. and .I I e of the aiiiiiioniacal acetate of xiiie added The 
* inivturc should Is- ulkabiie, and iuiii bronii, if not, a few drojis of 
ainiiioiiia wilutioii uie addisl Kvapoiale the lupiiil on the water 
bath until the loliiiiio is reduu-d to one-third or less, then add 
' Imiling water c([ual in uiiiounl to tlic oiiginal rolunie of liipiid 
evaporated (l.> or ID c e ). raise to boiling over a llanie, and tiller. 
Wasli the precipitate thoroughly with hut water, and dissolve it 
in dilute sulpliurie acid, including any traces n'liiainiiig adhemit 
to the basiii 

The acid solution thus obtained is dilutisl to a litn-, 10 c c of 
the ataiidard indigo solution are added, and the inixtiire titrated 
with the permanganate solution Lot c be the number of e c of 
permanganate required 

If a ss the number of c c of wine taken ; b the number id c c. 
iu permanganate required to oxidise 10 c c of indigo solution, imd 

X the tannin content of the wine, in grams per iOU e c , 

* 

luu c-b 

x = (e-5) xOOOl X ^ 

The method h*u been found to giro 93 per cent, of the tannine^ 

I I 



ciAr. 


i SM AU:OH()L 

and the rrsult is thi-ndiirr rorrocteil aoronliiiKly, ho that flnaUy 

l(NI f—h 
' !« ' Kin 

r-~h 

0 107 

(t 

Artificial colouring matters. Tho Kn-ncli oflidal 

It-slH for the iinHcmr or nlwni-o of {iir<-i);ii I'oloiirs in »mo nro as 
{olluu'H 

(ri) -Kiftv re of till' wine aro mailt' Hhiilitly alkalini' nith am- 
iiioiiia, and slinki'ii with iihniil l.'i cc of coliiiirlciH niii\l alcohol 
The latter Hlioiild n'liiaiii iiiiciilniircil If '.o it ii dcciiiitcd. liltcrcd. 
and iicidilicd with nictic mid , it should still rciiiam iiiicoloiircd 

{h) Tn'iil the wine with a Kl |ier lent snhitioii of nieniiry 
acetate until there is no further eliniii'e iii eoloiir. then make the 
mivtiin' alkiiline with shuht e\eess ol niiioiiesin Itoil and lilter, 
the hi|uid made slijtlitlv aeid with dilute sul|ihuiie aeid should 
ri'iniiiii iiiieoloiirisl 

(r) Kifty e e ol the wine are liikeii iii a |aiteelain dmh (7 8 cm 
diameter), one or two dro|is of dilute sul|)hurie aeid added, and a 
tuft of white wiHil lioil tor e\aitl\ liie imiiiites. iiddinK hoililiK 
water ua the li>|iiid eMi|niiates Withdiaw the wmil. and wnali it 
III water It should he seareelj tinted, ol dull lose colour I’laeed 
III iiiiimoniiieal water, it shoiild aHsiiiiie ,i dull itus'ii lui|!e ' 

'I'liesi' teats n-iidiK show wliethei or not a wine eoiitains aniline 
eoloiirs The iilentilieatioii ol the |inrtieiiliii eoloiiia, if toiiiid to he 
pri-si'iit, IS often a tioiihlesouie task, and not iisiialli worth while- 
uttemiitiii)! ,\ddisl leRetnlile eoloiiis an- es|H'ei.ill,\ ihnieidt to 
ileteet, ill ri'ason ot then siniiliiritr to thosi> natiiralU piesent in 
the wine 

DatOOtlOn ol cillor in Wlna.- .Veeoidin)i to .Medm^er and Miehol,^ 
when l.'i ee of wine are .shaken with a few ei of eoiieeiitrated 
aiilution ol simIiiiiii nitrite a hii)(hl rellow or \ellowish-bruwn 
euloratioii is olitainisl if tlie wine is iiiin>, wheiens eider or perry 
ia euloun-d ilaik-bmwn oi hniwiiish-lilaek. and a bronniali black 
precipitate acianaU's Tina pri'i-ipitate is insoluble in water, 
alcohol, or ether, but diaHiilres to a red aolutinii in ai|uenua alkali 
Wiiica when treated with both wxliuiii iiitiite and putaaaiuin 
hydroxide give a yellow euloratioii, whilst'cider and perry and 
niixtureaof theae with wine yield a pure red coloration. 

‘ t'*fm Zfit, lata, 42, iJII. .SiS'iilsoSihulle. itiW.oj;, .M7 
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\ UltITlSH WIXI>< 

T)i4‘h«‘ nrt* iiMiiilh iimdf' hs fcnm'iidiitf Milutions of mjgAi uilh 
whu'h iiijni'tlicnK m* miimhI hi oirln to imtHiri tho jiiir 

tKiilar llavoiii la ilitinu'trr mjiiiml The )iriii(i|Mil knids aio 
(iiiigiM' RiiiMn and Rfiulinili Wims. ImiI ti iiiimiIht 4if 

othris Mil'll KIrldlicin (ok>siIm>m\ and Danianii viiim's 

li.ivr A iiTlaiii nioio t‘-|H‘(iail\ as domi"«lii‘ |>ti‘|Niriitioiii< 

Tlii'X aic all HU liidrd aillim tlir Irj'al loriii l^ oi niado uiiii'a."* 
ahuh an' doliiu'd as lu|iioi nmdi liom ffuil and suj^ar. or 

fmin fruit oi sii^ar iiiixcd mtli ati\ otlici iii^irdu’iit. lUid uhich 
lias uiidcit'onc a piiK^ssof fmiiantation in the niaiiufai tnio llirnol " 
(Fiimmo (l!MI!l | 0 |A(t,r -S .1^) II the \um‘s aro made Im Ndr. 
tlu* inanufai'tiini is )ff|iiirrd to lakr out a jiiak<'rN liroiuo Xo 
tax i> iiniiosisl upon the alioliol priMhid'd hut tho seller of llritisli 
Minrs must Ik* diiK' li(«*nM*d for thi* sair 

Fruit juiir. it Mill Im‘ Ms'ii IK not ii(‘M*HHnnl\ an in^nsliorit of 
BritiMh uini's Tlu* fliariutaristu' Haxoiir of wine. Utr iii- 

Btance, lb ^ivoii h\ piijtiT rhi/oim*, of ornii^r uitu* h,x oranp* iHsd, 
of rhubarb miir b\ tlu* rhubarb st<‘m TIih, no iloiibt, im why th<* 
legal definition haa bism made so wide (Hher fruita than thoM* 
mentioned aluive, liowexer, an* often emplox«‘d Sueli an*, for 
inatancf*, eiirranta, piiineH, and ajipleit Moreover, a JlriiiHh wine- 
m*kker max, for flax'dhniig iHiriWM*!*, mix with Iiik pnaliiet a pin- 
portion of foreign wine, not exeee<ling lift(*<*n jiartN to the hundred. 
Im^rted gra{M* " inuat" la fermented ig thw eountry, aa uIho tre 
“ miiSts " of eurrahta and roiNina, to produi e a ’ Immm '* wine, 
' Si>f> iHite At tiiv end i»f llim vlIimii. 
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which con be flavoured in diflerent ways to make vations piodnotai; 
such an British “ port ’’ or “ riaret " 

Britiek wines are usualiy veil swerlvned, and mostly contain 
from 10 to 20 per cent of proof spirit (0 to 15 per rent, of alcohol 
by voltitno). Occasionally somenhat higlier iKTcentaj^cs of proof 
spirit are found up to 20 |x>r cent or so- in these roses tho wine 
has )irol)al)Iy Ixs'n “ fortified ” with alcohol Ixiwit amounts than 
10 are not infri‘i|uent When (|uantitirs of tlui order of fl or 6 . 
|irr rent of pnxif spirit am present they are usually duo to the 
feriiienlatiim, tliniUKh carclcssncHS, madvertenee, or design, of so- 
called " non-niroholic ’’ liu\eroges. 

Preservatives are fairly eonimon in British wines Hulphuroni 
iirid IS the most frequent, it may Ixi derived either from direct 
treatment of the irmi' with tlie arid or a sulphite, or from storage 
in casks which had been “ sulphured ” The iiuaiitity ranges in 
general fioni iiieie traces up to 0 02 gram per 100 c e . hut larger 
amounts aro not iiiieoiiiiiion Salicylic acid is oceasioiuill} present, 
tliough iniieh less frequently than in the “ iion-aleoliolie ” jirepara- 
tions ineiitioiKsl Intel on Boric acid is also often found in small 
quantity, liut where the piopoition is less than DOOl gram per 
IIX) e.e it IS prulinlily atlribiitalile to the iintnral June of the grape 
or other fruit employed Biiiall quantities of fluorides hove been 
found (K'easiniuilly 

ArtlBeial colouring substances am not miieh used in aleoholic 
British wines, though non and then an undine (oliair suidi as “ Fast 
Iteil" IS found 

Copper 111 small quantity is oeeasioiially pnwnt in British wine, 
as It IS in foreign wine 

As there are no restrietioiis (otlier tiuiii the geni'iul [irohibitioiis 
of deleterious sobstanres) upn tho mgredients which may be used 
in makuig British wimsi, most of the problems of analysis are 
aimpUficd compared with those of foreign wines Jii general it 
suffices to determine the specific gravity, alcohol, fixed and volatile 
ueide, and sugars; and to examine the sample for injurious pn- 
Borvatives and colouring matters Tho flavour charactcristio of 
the particular variety of wine which the sample purports to be 
should, of course, be present: a genuine raisin wine must have the 
raisin flavour; a ginger wine must taste of gmger This is a matter 
for the palate 

The following are typical analyses of tho prineipal kinds of alco¬ 
holic British wines ordinardy sold in this country. With the expep- 
tion of those for specific gravity and proof spirit, oU the figurea 
denote grama pet 100 c c. of the wine. 
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.\iilr Till; Ifpil (crm "Mii'otii" ii)i|ii-ur< ini the Statiito Book 
in KIIMI,' HttiH'Is or mi'ci'il liiiiiorn " In 10 nnil II Will ill., 16011, 
HHii't'i an- Hiiiil III Ih' “ roiniiiiinlv uiii‘il " fur (irrimrin;; nr improving 
" iin\ lii|iiiii I'lilli'il uini' " Till- ti-rin " iiiiiili' uinr '' ap|)i>)n> to br 
linil iiii'iitiniiiil ill 171(7 (10 (ion II. o 17) " Pmnonlntion ” as 

a nii'i-HSiiri I'onililinn is iirat liiiil iliinn in IH(iO ^ 

\\ .MKDIC.ATHI) WINKS 

TIii'ho ini' u nil's I'lmtnming ini'ilii'iiial ilnigs. ami ari' t\piiall\ 
ri'pii'Si'iiti'il liy till- six iiii'ilii'iiti'il wini's of tin' British I’hnrina- 
inpii'iii. nniiii'li .\iitiinniniil Wini'. I'lili'liiinin Wmo. Iniii Wiiir, 
Wnii' III linn Citiiili', Ipis'iirnanlni Wnii'. anil (jiiiiiini' Wiiii' Tlio 
li.isis nitii III' I'ltliiT a fim'ign Mini' in a liritisli Mini' . thus nl tliiiM' 
III till' nliiiri' list till' pii'piiriitiiiiis ni iriin I'ltinto anil ipinniii' art' 
iniuli' Hith ni'iiiigi' Mini', anil till' ntlinrs miIIi shorn 

,\ nnnilii'r nl Mini's ari' miIiI m'IiiiIi I'lnit.iin siniiU ipiantitios nf 
moat oxtraot nr mill oxliiiol. in linth Tlioso an' ftiniiioiitlx 
ri'forroil In piipiilnrli as " iiioilioiitoil " Minos, tliniigli tho> oiintam 
■III moilii'iiioH, lint nnl\ niilriiiionis, as tlio iiililoil siilistaiiios Suoh 
artiolos aro not loganlisl ns iiioilioalisl miiios In Iho Biitish roxonuo 
nnthnrilios Tn I'lniio Mitliin this onlogiin llio miiio must I'lininin 
a moilii'innl iliiig. nr ilriigs. anil in siioh prnpiirtinii that Iho nino is 
ossi'nliiilK II iiioilii'iiio Thus a .Mont anil .Malt Wino " is nut 
a nioiliontoil Mino, lint a ' moat anil mall miiio Hith ijuinmo " is 
sn, pm\nil'll lhal tho pnipintinn nf ipnnnio is oipial tn that in tho 
nihoinl “ (jinnino Wiiio,' nniiioix 2 gianis in H7.'i o o . nr I grain 
|H'r llinil niiiioo, onloiilnlisl ns ipimnio IiwIiik'IiIiiihIo Kiirtlior, tho 
Mini', if iiis'i'ssiin, IS n'i|iinoil tn In' innilo tini iin|ialBtnhlo fnr iisr 
as II lioxoragi' Tims onon miiio niiist isintnin nut only a rortain 
prnpnrtinn nf iiioa nikninuls, lint also a siiflioioiU ipiantity nf tho 
oxtrnot nf onoa loinos to roiiilor Iho nrlii'lo iin]inlatalilo. if, for 
roxoiino piirpnsi’s, it is In ho I'og.iriloil as a nioilioatoil " nnio 

Till' pm|Kirlion nf iilonhnl m iiioiliontoil vinos is, in gonoral, 
siibslaiitially that in Iho nino usisi ns Inisis, siiioo tho mislu'amonts 
iln nut. as a nilo. gn-nllx altor tho vnliiino of tho vino Quinino 
Mini' rnntnins aiwul 2il to 28 per ooiit nf proof spirit (13 to 16 por 
I'ont Ilf nionhni hy \nhimo). ami iron vino about 26 to 32 por cent, 
nf priiof spirit (1,7 In 18 3 of alinlinl hy xoliiino) Tho mnie popular 
brKiuIs nf " moat anil iiial*. ninos aro iisiiallx niailo uith fortified 
roll vinos, anil ooiitain alnnit 2!) tn 34 per oont nf proof spirit 
(16 6 to lit <7 nf alonhiil bx roinnio) Winos oontaming muoh tannin' 
are not x'?ry suitable fnr moilioation vith quinine, as a piecipitata 



XI 


SPrillTCOl^ BKVERAOKS 


AlUi 


of qiiijiinp taniinte in (luring htnrAffp In MK*h i( in 

bottpp to usp clptannntril " mnp if. miu* winch Imn Im'i'h 
troiiti'ci with ^('liitiii in n'liioxo nf iannin * 

The* aiiaKsin <if iiicilirtifcd winen f<iltow> the 1 iih*h nlrt'ncK mill 
PAtinl, hR fur a** nm\ Im- iic(rss,ii\ Mi|iplcincii1cil li\ n (IcImiiiiintKiii 
of the inoditAinciils ptrocni It will miIIiic io one j»i iwo 
oxamplcs of the laticr csimiaiioih 
Quinine wine. Koi (Ictcimiimiion of (|iiiiiiiti> alkaloids oo ce 
are taken roiuenuntly in a IIMI i-c oliiidei lillcd with n Idow- 
off arrniipftiiieiit snmlai ti> that of an ordinal \ wneh IhiKIc The 
wine 18 made Alkaline with a few diops of htron^ solution of am 
numla, and e\lni4le<| tliri'e times with alMiiit .‘lO e e of ether each 
time The ethereal sohilioiis mic hloun ol1 into a lareil Husk, the 
ether is ihstilh^i olT. anil Ihi' lesulne diied and wt’ifrhed TIh‘ 
result niav he dieiked h\ dissolMiu; tin weiulnd alkahud in a 
mixliiie of aleohol and ethei ((spial \o|iiiiii‘s) addmi; water and a 
litth‘ fiisliK pt4‘|>.iied aholiohi solution ol ll•elneto\^||n and 
titrating the lif|iiid with (hMiiioiiiial a<id Kiieli ei leqiiired 
itiiiin of alkaloids udculateil iis aiihNdroiiN (|umine 
('oextr.'Hted utlouiituf iiialtei. lioweMi sometimes masks the 
end |H>int of till leiotion If tin wei^rhid lesidtie is obviously 
'>oiilainimi(iKl it !» well to piiiih it h^ iIissoImh^ in |i\droehlonr 
ik< id. e\tiaeliiii! tin iieitl solution with p< tnthaim ether, then inakmg 
alkalim* a^^Hin with ammoiim and < \liac tini! with ether iis hefori* 
Ipecacuanha wine, thie Imndied ( <■ of the wine aie taken, 
e\apomte<l fo ahout 50 e< 1<i muiiom the alc>oliol. and transfern'd 
In A M'lmraloi The lupiid is Ind made sImlitU aeid with dilute 
antphiirK' neid and (>\tiae(ed twice with ether, the ethereal soliitinnH 
)KMn}( separated imxcsl washed twice with a little water, and the 
washings addc'd to the mam <piantil\ This is now made alkaline 
with ammonia and c>\tiaeled three timers with elilondorni, UHing 
nliout 20 e e of solvent I'ac h time Tiie chloroformie soliitionfi are 
paascal through a small iiltcT mio a tanal heakcT. the filter waHhial 
with a little ehlorofonn and the solution evajHiratcai down to a 
bulk of ahout 2 ee To this are added .5 ee of ether, and the 
evaiMiratmn is eoiitinued tc) clrviieRH at n temperature not exceeding 
80**, the rcHidual alkaloida being then weighedi after cooling in a 
denicrator 


Xlf. ‘ NOX-AU’OHOUC; ” 

A coiuidcra'bli- niimhrr of licvrragra are Mild under tliS denigna- 
tiim. Some contain gra)ic juice, unfcrnientcd, but the majority 
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an> aoliitiotu of HUj^r, coloured and flaTonred to imitate more or 
low rlonoly one or other description of wind. They are not in 
general strictly non-alcoholic, nor of course are they “ wine,” so 
timt the designation is somewhat of a misnomer Ainrt from any 
iinestion of adrentilious fermentation, the alcohol they edntain is 
due to the use of spirituous flavouring ingredients Thus a “ non- 
aleiiholic ginger wine ” may be flavoured with tincture of gtnger, 
an “ orango wine " with tincture of orange, and so on. Various 
*' wine essences " are sold ready-made, needing onh to be diluted 
with svmp in stated proportions to proihiee the required beverage. 
One such essence, for example, is as follows Tincture of ginger 
4 dr, tincture of capsicum 3 dr, tartaric arid li dr, caramel 3 oz., 
water to 4 oz To Iw added to a synip made by boiling 4 lb of 
loaf sugar in I3.'> oz of water Tlie finer essences are spiritiioua 
solntioiis of various esters such as omanthic ester, arctic ester 
and nitrous ether, with flavourings of \anilla. aliiiond, and other 
iHsential oils, tartaric or citric acids, and rnloiiriiigs 

,So long as these ‘‘ aines ” contain not more than 2 per cent of 
pnsif spirit, they are regarded by the revenue authorities in this 
country as non-alcoholic, and sellers of them are nut required to be 
licensed for the sale, though the ” wines " an> dutiable as “ table 
waters " They do, in fiu't, usually contain from 0 li to 2 per cent, 
of proof spirit, though somewhat larger proimrtions are oecnninnally 
met with Tlie jiniportion of sugar is gimeially high, ranging from 
almut l.l up to 4."i grams jier H)0 cc . or eren more. Salicilic 
acid IS often found as a preservative in these “ non-nleoholic " 
prc|inrntions, as are also sulphurous acid, boric acid, and orrasinn- 
ally licnzoates and fluorides Artificial colouniig matters are also 
often present; among those iihieh have iwen identilied are - Acid 
Hrown Red, Acid Magenta, Fast Vcilow Red, Orange, Qiiiiioline., 
Yellow, Itesorrin Brown, Tartrazine, and Xylidene Scarlet 

jXlH. MbSCKhLANROrS AIX'UHOMC' BKVKKAGhlS 

Bartssch.— Infusions of the leaf-stalks of the hogweed 
(Uemckutn iphonilylium), fermented wttli yeast, have been used u 
•pirituons drinks from time immemorial in North America, Nurthom 
Asia, Persia, Russia, Poland, and Silesia. The name “ Bartzsch " 
is given to. the beverage in the two last-named countries.^ In 
Russia it is used in the preparation of the soup “ Borchtsch,” oi 
welf as for drinking. 

Kephir is the national beverage of the inhabitants of tbh 
> Harlwich (Alisi.), Ptana.. Mil, Ml. 
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CueaiHU, Mid haa aUn been uaed a good deal in Kumpe during the 
laat thirty yeara. It ia a nonriabing beverage jirodured by the 
fermentation of milk ivith “ kepbir graina," rimtaining rcrtaiif 
yeasts and laetie acid laieilli These organisms agglomerate in 
' the feiAenling milk, forming lumps, with cauliflower-like appear¬ 
ance, which can easily be separated from the liquid and used for a 
numAer of sueeessive fermentations Kephir ferment from dillerent 
sources may np|iarently eontam diflerent varieties of yeasts and 
bacilli, ns several nnero-organisms have been isolated ' 

Cow's, slteep's, and goat's milk arc used for the pte|mration of 
kephir, tlie two Inst rs(ieeially in the Cnneosus One method of 
making it is to proceed ns follows 

Half a litre of milk is steiilised by boiling, cookal to about 18-20", 
and then mined with not less than 12 grams of the feniirnl The 
mixture is allowed to stand m a nivensl vessel, with oeensionid 
stirring, until it I'linlles. whiili iisiinlli weurs within thirty hours. 
Tlie ferment is then mnovisl by means of a eoarse sieve, and (he 
milk allowed to undergo after-fermentation at tlie onlinnry tempera¬ 
ture, m a bottle with a seivw stopper From time to time the 
bottle is well shaken, and the fermentation allowed to continue 
for 12-24 hours until the desired degree of aridity and aeration 
with carbon dioxide has been reached, when the product ia ready 
for consumption It is a pleasantly-aeid, erenmy liquid, which is 
often taken inedieiiiiilly 

Aceonliiig to Konig, the average cuni|H>sitiun of kepliii is . - 
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Konmiss h a spmlueua beverage obtained by the femionla- 
tion of mare's milk. It is the ehief spirituous drink used by the 
Tartars and other nomadic peoples of the Russian steppes It is 
made adding one part of old koumiss to ten of fresh milk, warming 
fqr two to three hours at 20-23°, and maturing in bottles. In 
Switzerland, an imi\ation of the Kussiaa koumiss is made from 
now's milk, skimmed, which is sweetened a little ancl fermented 
with yeast. The preparation contains J to 4 per cent, of alcohol, 
with 2 per ceqt. of sugar and 0 2 per cent, of la^o acid. 

>_Siinneb>rg, tiiltct. OpiriH<«id.,'.l>|], tt, 170, |77,114. 
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Scikd iH 11 .ju|mnrsc h|uritiumH drink jirp]mn'd the fermcnU' 
of INI' ultli i\w mould AHftntjtlht orifw Steamcil rke is 
Hpn‘ad out on nmtM aiul mixed uith a eiilture of the mould, which 
ficvelops siiul partly sat'chanlits the ^tArl'h duimit its growth 
The miiHs w k(‘pt fiom the light, mid turned emli dii\ duiitfg three 
or four thisn The culture thus ohtamed (* kojt ) in umhI to fer¬ 
ment A Miiall ihumIi of mor<* steiimed nee. and the pnKhiet in UH*tum 
IH etnploviHl to earrv out the fermentation of n larger mash The 
whole pnH'(‘ss re(|uireN iihout thirty rliUH for it^ eoni|ih‘tion Other 
inethodH an* iii use whieh extend i»\er fotl\ to lilt> dii>s ’ 

Sake eoiitaiiiK on an average about 17 pet cent of alcohol It 
iH of light vellon colour, and in flavour tesemblcH a inixtiiie of Imst 
and sherrv 

Toddy IM an Indian beveiage, olit,iin<sl. like sake, bv the 
fermeiitAtioii of nee, but mostlv liom the sap ot various (Milms, 
eHfKs Hilly the eoeoaniit palm Tlic* sup uiiihugoes spoiihiiifoiih 
fermentation after being eoltedisl tin* pint ess iisuallv being rapid, 
and extending oiilv over a da,v oi so Arrack is obtained bv the 
diHtillation of toddv 


* Ikiitu, /f'ltAiA ttml ('Aim, 14. l•la 
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nil. iMhstdMM.irM, M'rj<'ts oi \h'oiioi. 

Nl \llJtoi s lm\<’ liHii iitmlr uilh n m< u Id rluri(lat<‘ 

tli<‘ |ili\siol<ipnil ('ITrrts <tt alt olid) \s ici'.iiils tli(‘ Iniiiiiiii 
ho\\(‘\(‘r. iiiliriciil (IiDk iillirs tif sirii t i'\}H'iini(iit(ilioii iitxl |i(ilia|ih 
atill iiion* llio (IiMk iillH's tif riirr«‘ttl\ iiiti rpiilint; tla* n'Hilts. linvr 
mada it drsiralilo to cm'iuki* imar tliaii oidiiiai\ tiintion ladorr 
a-* drliiiilHN I'slnhlislifd inaiiN of llif (omdiiHioiis 

arn\<‘d al 

PartiiiilaiU is this tho nisi* ni ir^atil to th«' t'flnts prodiiood 
hy aU'olitil on tlu* iiu'iital ))riMM‘sM>s and tlio niTMiUH finirtioiit* 
Th(‘s(> pio<>i>-«sfs aiitl fiiudioiis art' adinilti'tlU \<i\ loiiipli'X The 
iiiiinnii siihp'c't tit thr I'XtaTiim lit ma\ himself In- hiasiatl an t<i tlir* 
4‘\|Hi'ti'd ri'siiha, and that hias m soiiii' i'\|MTim('nli* ina\ to hoiiic 
extent atleit the lesulN Mi'* iomi tsiimale of hin )H'rft>riiianeeN 
under the influente tif aleolio) is alleeled h\ lliat iiiDueiiee itM'lf 
He ean seareeU he |iie\ented fioni kiitiMiin: Mlien aleoho) is ^iven 
to him, s^i that It IS dillieiilt tfMihtnin him Hint tlx ' neutral" And 
no doiiht also pieioiieeixed ideas in this splieie jiiat as in otliera, 
may wmietinies uneoiwuaiHh alTetl the jiid^nteiil of the e^iNTi- 
monter. houever impartial he inav desire to he 

Heannft these faett in mind a eandtil n \teu tif jneteiit kno\iledf(e 
n^|)eetinjc the aetitni of aletdiol on the human oiKanisiti iian been 
prepared h\ an nitliiential ttmimittee of nieilit al iik'ii for the Central 
Contixd Jfoanl (Liquor Tratlie) of the Ciiiletl KinKrloin * Jn 
eompilinft the follou'ing uieoiint, tins review has lafn fnK'lv drami 
upon, nime it is the most niitliontatixe siiiiiinary avoilahh' of 
^iiicMlern a^'iimtifie xie’ia on the subjeei 

Absorption of alcohol into the blood.— Alcohol uhi-n 
imbibnl lit quickly Rlimirlx'd into the cin'iilntory hv'ntfm About 
^c-fifth of the qiiaiititr token |i«i«.e^ into the bliuiH from the 
stomach, sivl one-tenth fnim the ufqHTinniil section of the small 

* its Aetioii on Itir liiiriaui Orf(anisin'' HM Htstaaiery 

Oflbis, 19111.'' (Quoted to permiMiton of tlie C^nlmHer.) 
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intestine; but the main absorption, equal to about one-httf^ 
Uie whole dosq occurs in the middle portion of the smdl intestfam, 
]^e remaining one-fifth is absorbed from the third and last seotioB. 
By the time the alimentary contents reach the iaige intestine, aB 
the alcohol has been trten up from them into the blooA Thu 
rate of absorption appears to vary with the conditions, such » 
the degree of dilution of the alcohd, the form in which the hfttec. 
la taken, and the time in relation to meals; but the eridenot 
respecting these factors is not clear enough to warrant a definite 
statement as to their precise effects. 

Ezar8tion.--A small proportion of the imbibed alcohed is 
oxereted unchanged, mainly through the lungs and in the urine. 
The actual quantity thus lost is variable. Any infiuonce which 
liastens absorption into the blood, or stimulates the production of 
urine, or augments tire vigour of respiration, will tend to increase 
the quantity of alcohol eliminated in an unchanged form. The 
loss, however, never exceeds 10 per cent of the quantity of alcohol 
swallowed, and is usually much less—about 2 per cent, on an 
avoriqp? As little as 1 per cent of a moderate dose may escape 
where habitual drinkers are concerned 

There is no evidence that alcohol ip ever eliminated to any 
appreciable extent in the perspiration It has been detected in 
the milk of women addicted to alcohol, but probably it docs not 
occur in the milk except when large doses are taken, and even then 
the amount excreted is too small to affect the health of the infuit. 

In this conneetion, it may bo noted that the available evidence 
does not support tlie (Kipiilar belief that alcoholic beverages promote 
tlio secretion of milk, and arc tkenforo beneficial to nursing mothers. 
Whether in the form ot spirits or beer, alcohol does not seem to 
have any effect whotcver on cither the quantity or the quality of 
the milk secreted.^ 

Oxidation.- Except for the small proportion excreted un¬ 
changed, alcohol taken into the bmly is oxidUed therein as com¬ 
pletely as the carliohydrates are Befinito proof of this has been 
obtained by analysing the air inspired and that expired by subjects 
treated with experimental doses of alcohol, and thus determining 
the effect of the treatment upon the value of the “respiratory 
quotient ’’ This quotient is the ratio, 

' volume of carbon dioxide produced , 

, volumcof oxygen used up ' 

and for the oxidatiou of carbohydrates its value U unity. 


> Boscmsnii, I’Aifw's drekiv, ItU, Tt. 



*81 be seen Itom the folloving eqaatjon, denoting the 
' ondatiOB of a soger 

C,H„0, + 80, ^ (KK), + nH,0 

Dextrow Giuhon Wibf^^r 

0 voIk dxividf'. 

fl \ f»U 

We Tdttmo of the carbon <lioxtde pro{{u<'t*U is equal to that of 
.. die external oxjrgen supplied and usod u)) in the oxidation, so that, 
te carbohydrates, the above ratio | 

With alcohol, however, a largir pr(i|«ii turn of oxygen is 
required 

C,H,0 t- 30, - 2a), I- 

Alcohol (IxyfK^n. ('atIhoi W'uIit 

3 \ols rhiiciile, 

2 Mils 

Hence die respiratory r|iialient for aleoliol is only 2'3 Its vaina 
ir in fact lower, not only than that for enrliohydrates, lint for fata 
and other ordinary foodsluiTs 

'I'hus if aleohol is oxidisisl in (hr body, the addition of ab’ohul 
to the diet should lie folloaisl by a full in the value of the ns,piratory 
quotient This, in fact, is found to oeeiir (Atwater and Benediet).* 
It has been shown further that the energy liberatisl by lliis oxida¬ 
tion of alcohol is not lost as mere hiipcrltuous heat I'p to the 
oxti'nt of one-fiflli of its tnlnl mssis, the body ean utilise energy 
derived from the metabolism of aleohol 

hlnergy so utilueil will eonserve that supplied liy rarbobydrates 
and fats in the dirt Of this there is experimental proof Thus 
a man was kept on a standard measured diet, rich m rarliohydratea, 
and his respiratory quotumt was determined A ration of aleohol 
waa then added to tlie diet Tlic respiratory quotient fell jiromptly, 
and to such an extent as to show (hat, while the aleohol was being 
oxidised, carbohydrate was being economised snd added to the 
food reserve of the men's body 

Simiiatiy as regards fats, if a fixed diet sufficient for maintenance 
is given, an addition of alcohol protects .some fat from oxidation, 
and allows more fat to be added to the Isidy's reserve supply. 

Thus alcohol can to some extent replarr foodstulTs such as sugars, 
starches, and fats in the nutrition of the body. Moreover, unlike 
%Uieh snd fat, it* requires no preliminary digestion, but passes 
unohinged to the tissues which utilise it. Since,' however, it 
qontains no proteids, alcohol is not a,food in the sense of tnling • 
fiesb-forming nialerial. Ncvcrtbeicss, it con apparently sene in 
1 ** Physiological AapocU of the Zaquor ProUooi,” Kew Vorh, lllOX 
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«HDi‘ to fM'onoiniHO prntrin, by rrduHng to a niinimum the 
amount nhich the Imdy requires 

• Kxemi of protein in the diet, over the amount necoesary to repair 
tifwiie-waste, is oxidistsl to furninh energy, and ahsihol ean Kupply 
the ]ilaoe of this exi'ess, so that a Hmaller ration of protean Hufbccs 
Whilst th(‘ e\|)(‘riinerilH made to deterinme this fiomt an‘ not all 
in nKns‘iiient us to the resiiltH. the Keneml eoiK Iiihioii is tliiit 
iilHive 

Th(‘ method of (•\|NTiiiieiit ih to put the siilqeet on a mixed 
ration, umtuining knovwi uiiioiintH of piotein, isirhohxlrate and 
fut Tlie nitrogen exendisl in the uriiu* is determined, (hiu 
indii'utes llie Amount of ])rot«‘in that is lieiiu; oxidised and used up 
merely us u soiins' (»t em i);\ The diet is so udjiisted timt u rediie- 
tioii of eiirhoh\drateh oi tnt uill lend to inen*As«‘d oxidation of 
protein, uhu h uill heHhouii h\ u hii^ei anioiiiit of nltlo^en exereted 
If now, iiistetul of simply tediniii}; the e{iili(»li\drii(e, a ehemiealK 
equivalent amount of ideoliol is sidistiluted foi it. and if it is found 
that (here is no iiiert‘ns(» in the i|iiantit> ot lAereted niti‘op>n. tin* 
reHiilt IS exideiiee tlint the ulenhol has taken the jilaei' of the earbo- 
hydrate uh an eeoiiomiser of protein .Most ot the ex|H‘nmenterH 
lire aKits'd that this is, m tiul. the elTeet ptodiieed though then' 
are some exeeptioiis, helieied to he tliie to the fai I that the suhjeets 
of the e\|H‘iiments in IIu'h* (uses were not .leeiistomed to takiiif; 
alcohol 

The eoiieliisioii is that uholiol has a eeitaiii food value in u 
iimiledseiiMMiamelv nsatiie) oi siippliei ot eiieijrv This,however, 
is not the whole storv Its theoietieid value as u IoinI is in praitiee 
liimltsl und eounteilialaneist hv its other properties, and in any 
ease it has. from the point of view of its loiKl*\.ilue aloiu*. no advaii- 
tagi's over a foiMlstun like siijrar 

Concentration in the blood. DunuK ihc limt fm- 

lioiirh niter il is iinlnhHl. nleoliol intii (he IiIihhI inure ra|ii((l,r 
than It IK oMilmeil TJie eiineeiitni(ioii llierefore riiien, renelien a 
iiiaMiiiuiii value, nial iimiiiIK leiiiniiia at nliuiit that le\el fur Humr 
tune The interval hefnre the iiiUMiiiuiii la reaehed variea with 
the niuiiunt of the diiae anil iither eoiuiituiiia During the phaae 
of unaltered euiuriitrntuin the iixidatinii and the abmiriition praeti- 
enlly Iniinnee eueh nther Then the uxidutinn iH-giiia to pn'poiiderate, 
the eoneentratiun di'ereuwa and after about'taenty-four hours' 
no inure uleiAiol la deteetihle in the bixl,v 

Tlir degm< of inaxiiniiiii eiineentration attained is in)]iortant. 
It bears a legidar relation to the dose given. 'With an animdl 
reveiving alcohol ciiuiralent to 1 eubie eentiiuetre jicr kilogram of 
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body-weight, the maxiiniiin Kuhscquently foiiml in the blood was 
about 0 J per eeiU . uitli 2 (ubic (‘entiiuetroH. the mnxiinum was 
about 0 2 t»pr ifnt. and so on * TIiih iiinxiniinu eoiiiViilraliou 
not, of eounu*. repri'sent the aliole of the aleohul. il is the Imlanee 
of alHUWpt^in over d(>striirtion Some of the iileohtd has aln'ntly 
been destroyed uliiKl some is sidl iinabsoibed Hie eoireHjMHi- 
deni|‘ iH'tuisii the ime. or tun parts pei thousaml of ideohol 
administereil and ahohol found in the body is an ueiideiitnl 
coineideni'e 

Thu*i it is possible, ftnin the |M‘reentnge found in the IiUmmI, to 
ealeiilate approximnlels thi' miniiniiin i|imntil\ of nieohol taken 
Siip|M)si‘, for example, that the blood of a iniin ueighing lb stone 
Is found to loiitain bo |ht rent id ahohol TIiim. from iihal 
pnM*edi‘s n*]ii4>seiils at le.isi < e |)ir kilogiam of iHHlv-ueight, 
and as lb atone (sib kilos, the mimnnim (|imn1il\ of nieohol 
drunk o X (slbee - lllHe< oi 1 ] 2 fluid oiinees 
(lialmnier anil lairing.- using the Nuloiix method of nnalyNis. 
ha\e determniid t)ie lonientratioii of elhxl aleolio: (and also of 
inethvl aleohol) iii the blooil and in the urine of HiibjMH uho had 
ingi^tisl thesi‘ uleohols The\ found that the eoneeiitrntion ham 
])raetinill,\ the same m the iiniie us m the IiIinmI Thi\ eoiiehide, 
therefoie. that there is no aieiimiiluljon of ahohol h\ the kldliexa, 
smee It Is eliminated at substnntialK the same riegm* ut dilution 
;!'• is found in the lilood 

Lothstl dose. Auordmg to |)i \ \\ HIvthipiantities 
of one or tuo leinis's of absolute ah oho] given in tJie form of hramh, 
gin. ete, would hi- a highh dangerous and probiibh fatal dose for 
a rhild behm ten or tuelve leiirs of age uhile the toaie iIom* for 
adults Is Komewlii-ie between 2] and b iiiiiues 
TIiih. boweier, np])enrH to be n lerv low estimate The Central 
(Vmtnd Boanl Cominillee. already meiitionisl. giie it uh lieiiig 
'‘getieralh aeiepted " that with a lonteiit of alcohol in the blixKl 
exceeding 0 f> |)i-r i ent theie is a considerable likelihiKKl of death * 
If thiH is taken ak being upprc»ximately the ateohulic eoiu eiitratiun 
in dangerous iKiiaoniiig,' it follows from Gr^ianl'a n^aulta noted 
above that the dow> taken would be about G e e per kilo of body- 
weight This, for a man of Hf Htone weight, works out to about 
13J fluid 02 of absolute alroliol Thu fatal dose ia put, m fact, at 
about 14 OK of .tfiHohite alcohol, or neorli a pint and a lialf of 

• 

^ tifiMMiit; retyl Soe Hud, 18SI, 1880. 1889. 

•/M. lt»ta. 79 . 8 . • 

* "PoiMUis. ^p. 144, 1900 edition. 

* Alcf^tol. lU .\rtiuii on tiu* Human OrgaiiMin/’ pp. 87, 88, 
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prooi apirit,” on the aaeamption mcntionod. Bat it U to.be 
romombered (hat aoine persons are much more susceptible than 
the average person to the action of alcohol. 


It has been suggested that the amount of the lethal dose in caeee 
of direct aleohulic poisoning may depend upon the degree oblation* 
of tlie spirit, as strong alcohol will act almost corrosively on the 
mucous meiiibranc of the stomach, and so akl the more rvnote 
effects. But even when alcohol kilk (by acute poisoning), it kills 
through lb) action on the brain and the rest of the nervous system, 
and nut by diro-tly injuring any other bmlily organ Thus, for 
instance, to depress the action of the heart to an appreciable degree 
alcohol must bo present in the blood to the e.ttent of about Q S pet 
cent., which would imply an original dose of more than 11 oz. of 
absoluto alcohol for a man of 10 stone weight With such a dose, 
in an ordinary imlividual, tlio direct eflert on other organa would 
be negligible in preaenre of the symptoms of profound and dangerous 
poisoning of the central nervous system.' 

Quantity producing intoxication. - Alcohol gets to 
the central nervous system by passing from the blood into the 
ccrebro-spinal fluid, and th(> amount which enters this fluid is 
strictly proportional to the amount in the blood From experi¬ 
ments on animals and from observations on man, it has been found 
that tho onset and intensity of the symptoms of intoMcnlion are 
roughly de|iendent on the quantity of alcohol present m the eireula- 
itioii. Dogs and horses began to bo slightly nITeeted when the 
proportion reached U 12 (icr cent.; with higher proportions, the 
symptoms liceame more marked, and profound stupor, frequently 
rndmg in death, ensued when tho alcohol content of tho blood rose 
to 0'72 per cent ‘ Similarly with man. in one ease of drunkenness 
tho blood was found to contain 0153 per cent, of alcohol, and in 
another instance, where the mtoxication was more pronounced, 

0 227 per cent, was found ’ These quantities are roughly equiva¬ 
lent, respectively, to total doses of 3} oz. and 6 oz. for a man of ' 
10 atone weight. 

“ From the evidence at present available, it may be said that any 
form of alcoholic liquor, weak or strong, can cause drunkenness if 
such a quantity of it is taken, either at once or within a short 
period, as will lead to the presence of alcohol in the blood to an 
extent greater than a certain proportiim, whiilh in the case of the 

‘ fM. eit., p. SO. 

■ Loc, eta, p. 8?; quoted fh Kobert, “ Lehrlnich ^der InlonkmtioiMia'* 
Vol. i, p. 988. Stuttgart, 1908. 

t Bchweishoimer, DtvUck. drcAtv/. Khn. dtsd., 1913, Xtl^ 271, 
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avnage healtliy adult may be put provuionally ai from 0i5 to 
0‘2 jicr cAit *’ ^ The weaker the alcoliolic beverage takpii, the greater 
muHt bo the quantity drunk iHdure thin projiortion is n’Acluxl; idl 
tlukt the use of the mun* dilute Iwveragt^ iiwteAd of the Htroiiger 
is an iQ||)oftAnt safeguard against mtoxicAtiim 

It Mill la^notiil (hat all these caleulatiuus of the total dose fmm 
the llcoholu* (uneeiitrntion found m the blotal dejumd u)ion the 
aceorury of (Irehant's ex)HTunental results nieiitionetl above. 

Chronic alcoholism.— Thm' is an iin]K>iiant distmelion 
betMcoii the I'lTeels nf a single excessive dost* of alcohol, and those* 
produrt*d h\ iniiiKMleratc quHiilitic^ fitHpienlh nqs-ated, even 
though (hcM* ([uanUties tiiay )n>. and usually art*, Miiallcr than the 
single dose Mlneh gives iise to iiitoxiention Fnim the single 
excessive dose pniired intoxication-elleets M'hieh, us Mill In* sIiomii 
later on. are luaiiih apimn'iit in disturbance of the fuiietiuiiH of 
the brain , but alum the ahsiloil is eliminatisl from the syattmi 
thfMO syin|il>oms iiisu|)|M‘ai, and (he siibjeet hoon ndiirns to hu 
normal state It is quite utluTwise Mith cliruiiic aleoholisni In 
this then* an* changes of tin «lrmker’s tissiiea M'hieh iiersiat long 
after all ilie alcohol has Iks*!! clifninat<*d, ami uhich may bo, and 
often are, iicruumcnt in character Moreover, these changes are 
not limiteil to the nervous (*entrcH. but m one way or another may 
most of the oiguns of the bmly They are complex ehongos, 
only jiartiallx the dirfd effect of alcohol largely they are brought 
about through its detrimental actum on the lining membrane of 
the stomneh and bowel, causing chronic eat^h and failure in the 
action of the fligestive M-erctionH, ami so promoting the absorption 
from tht* alimentary canal of digistive and raierobial toxins, M'liicli 
in healtliv conditions of the inuetms membrane Mould lie formed in 
lesser amount or not at all, anil in oiiy case would not jiaas so freidy 
into the ayatoni 

It is, indi'od, r question whether many of the morbid ebanges 
which occur in other organs in the course of chronic aJeoholism 
QMiy not really be sccoiulary to those Ineid disorders m ttic ^tro- 
intestinal tract In some recent ciperimontal inquiries it has 
been found that when ale<ihol was administered to guinea-pigs by 
iMtaivjn, instead of by the month, no visible alterations were 
produced in the aniim I’s tissues, oven when the intoxication was 
kept up for [leriods as long as three years.* ^ 

^ere ore tM'o eascnlial factors in the caosarion of chnmic 

^ hoc. cil., p. do. * 

* 8tocUrdiAmer. Satundut, 1S13. 47; Prof Hue. iSxp. Biot. Med., 
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aWholiHm Finft. tin* dru^ niii'tt (n* takrii in suni(icn1 quantity 
t(> oxm'iHc ai» injuiKMiM action on the tiHaiicfl, and HCtoodly, that 
action iniiHt be more <»r Ichs 4>oiitinijouN Kxc'ckm <»f close alone, 
without <‘ontiiiiiit> of at (ion, doch ind ^ivc* nac to |H*rsi4Uiit tisauc 
change*!' an iH<»la(cd liout of inloxnution dcuH not leuvt'lasting 
aftcr-efTcs't't (hi the oIImt hand, elironic |K)Honing is not induced 
tty even the* n*gultii use of aleohola li(*\etageK ho long aH^tnly 
tnodc>ra(e i|iiaiilitieH are (alceii \s to how much aleoliol there 
nniHt be in (hi* lihaMl. and how loutj its ni'tion must In* kept up, in 
order to i>xc*reiM* a detniiu'iitiil efteet on tin* Mta]it\ of (he tiasueR, 
nolliiiig ver^ delinite enii In* said 'I'he a\iiilable data an* in* 
HiilUeamt, itr an* lutl exact enough, to jintih moic* than the fore* 
giting general stah*meiit 

DilTenmt mdiMdiials show wide \aiiations of siiscc'ptibilit^ to 
the iiijiinoiis i‘f!eets of alcohol in chronic «il<*i>holiMn Momtver, 
lhe\ ilifler also \er> \\id<‘l\ as regards the (ismich or organa most 
prone to taifter In one subjis t the liver mav In* s|N*cianv nttnckcsl, 
111 another (ho n(*rvoiis Kvstem. and ho on 

Mental disorders. Souk* albs (ion of mind is iismillv pri‘sc>nt 
in chnmic Alcoholism Coiiimonlv it is iiUNU'ratc* in dc*gree, 
and mav be shown onlv in ucakcnect will piover and failure of 
niemorv ]n ttrlinum hrmuis, iiinie iiitc*nse but transitorv. dis- 
ordeis (N'litr, and in rela(ivi*l\ lare iiislaiues alcoholism seems 
to 1 h* reH|NmHibli* for a <*liioiu<* iiisaiiitv with |N>rsislent delusions, 
UHiialiy ol iN'rseciitum and jealoiisv * hi geiu’ral, however, the imrt 
wliieli aleoholic excess plats m (he eausation of the* ordiniir;i foniiH 
of mental disease* is of scrondary iiupnrtaiiee it has iNrii shown 
that when (he two lliuigs ate nsHCKiated. intem|M*iQnc<‘ is more* 
Usually a svmptom ot msaml;i (liaii its eaiw* ^ 

Morbid changes In nervous system. These an* \er\ variable 
III charaeter and dc'gnx* Most eointuonlv then* la Mmu* 
thu'kinung of the inc'tnhraiies. with wasting of the nervous 
tiHsiic'H. notably in those* (Nirts of the lirwin which an* siippcawd 
to Ik* spcc'uilly n*latc*d to the higher mental activities These 
a|)|N*araiict*s. however, an* not distinctive* of alc'oholisiu Further, 
tin* diaeasod conditions Hct*n in tlu* brain of {laticnts dead of cfefirinm 
hemeM arc quite sinnlai to (hose* found in cases of alccdioliem 
where then* is no iMiiiiim ttemenn. and the‘y an* neither constant 
nor \K'Ty definite Hence* it apiwars that m chnmic intoxication 
the nervous (issues may lie damaged m ways which, while pro* 

' Mntt, Arch, of MtunA,, 1007, 3. 434« <|Uftte(l in Alcohol, ito Actiun on 
tbt* lliiinHii Organisfii,” p. OS. 
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fonndly affecting their healthy functioning, are not revealed'bl 
any visihin et'actural change. 

In alcuhoUc peripheral nenritia, degenemtive eliangcs aro found 
in the nerve-fibres, and also nut infreiiuently in (he related cells 
of the apinul curd Such alleratioiui nf the ncrvc-ecils antZ -fibres 
are domunatralilc tlmmgh the miermisiiN-, and even in rome degree 
to the naked eye The dweased cell iK-eomes aa'uUen, its nucleus 
is displaced tuaurds tlie margin, its extenHions shrivel and vanish, 
empty S|)aiv8 uceiir in the )imtuplasm. and finally the cell dis¬ 
appears. 

“ Tlie explanation of those eluuiges seems to he that alcohol is 
a powerful pnituplasmic (MiiMin, liaving a selective affinity for the 
delicate cells of tlie nervous system, with whose functions and 
ea|ineity it interferes at a very early stage, linally raiising gross 
alU'ratioiis in the tissue."' 

Disorders of the digestive system. (.'Iiruinr gastritis is met with 
in heavy drinkers, rs|ieeialty those whn take largo quantities 
of spirits it precedes, and is in great measure responsible 
for, Die disease of tho liver known ns " eirrhusis " The inflamma¬ 
tion nf tho miicoiiH hning nf the stimiarh sets up degencrativo 
changes in the cells which secrete the gastric juiee, and ns a result 
tho hydriK'hloiir acid of the latter, essential (nr digestiun and for 
tho preveiitinii uf Imetennl ierinenlatinn, may lie completely 
absent Tumiis elaborated by mirrobial action are absorbed from 
the alimentary canal into tho blood and jiass witli the latter through 
tho portal vein, m> that the liver contains these poisons in a special 
degree They bring about prolonged irritation and inflammation 
of tho cuumrlivc-tissue supporting the portal vein and its ramifica¬ 
tions in tho livor, iiidiieuig n swelling of the hr|)atic cells and leading 
to on enlargement of the whole Iivit Subsequently, the process 
of fatty degeiicratiun may set in. the protoplasm of the eclla being 
transformed into globules of fat This enlargement in many cases 
persists until dropsy supenenes, or there may be a more complete 
convorsion uf tho ehronio inflammatory tissue into fibrous-tissas 
cells, leading to the formation uf what is known ns " scar tissue,” 
This permanently replaces some nf the active hepatio cells, and 
results eventually in cirrhosis, involving shrinkage of the liver 
and formation of the knobby projertkms or nodules which charac¬ 
terise tho “ bob-nailed ” liver of drunkards. Such an interference 
with the normal activities of this important organ naturally gina 
rise'to many ill effeots, amiing whioh may be anmmia, indlgeetka, 
and jaundice. 

' Keralsy and Slurgn, " Alcotiol sad the Human Body,” p. lU. 
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Ueali on th< kidney and feeirt.—Chanps of a aimllir type 
may be brought about in tlio hnlnry by tlii‘ nction of imbibed 
alcohol in immoderate and ennlinuwl (|naii(itii« Tbrn> ia n 
aimilar aequrnce of cellular rhanp'a- cloudy kvi'iliiig nml fatly 
dcgencBtibn of the tubule rella, iiureoae of tilmiua lu»iie, and 
eventual alirinkage, with foiniiilum of wiint ia ternied " griinninr " 
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Fio. 48'- Miimisroricjit skction^ or hi'V^'h uvrii 

8bo*lncrhtiiKH«turhiH«tir III Ui^ fiwvdrf/alt} ili'iiiii'MiMin llInNi*) bikI '‘turgr) 

«, 3iiickiM uf lUfr nil. b. nof ifuii of i • H ff'fmlnf »aU <4 f; r, b ra|itUar« HcKol'tmrl; 
/(IfBioerUor bIuIl bloijalrrirpiHirli*, r,ra<tbl«Mniia>rpiiM/o,/ Ibi( irofilM. 


Udney of the “ coarao red mottlml" \-ariety. Among other dia- 
oedera, the degcneialion of the blnod-vcaacia whieh Icada to 
apoplexy; and albuminuria, giving riac later to dimiiyahed excre¬ 
tion of urine aa the kidney abnnka, and eventually to Bright’a 
djpeaae, have been recogniaed aa frequent coneomitanta of aleoftolic 
exneaa. On ^le muacle fibres of the heart the effect is to promote 
INtoplaamic ehange irhicb leads to deposition of fat and eventually 
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to (lilaiHlinti of the lu^art. Hitli n cooiMNiiinit UTakenini; of lU 
|)ro|iiilHiv<‘ ]mt»4‘r ll ih t«i lir notcHl, houovor. that all thetM* 
dl'M'Usi'd I'onfiitioiiH itn* found, ami \(‘rv oftrn foumi, in iiorsona 
hIio lU'Vcr take alrohol the^ iiiav In* broii|;ht about by many 
(lolf’tenouH Uh'etl('le^ opeiatiiif' nr in eonibination Ak'^holiitm 
IH inendv one of *' 

Lessened resistance to infection. ('Iii'otm aliohol )iujMoning. 
by ilevitaliHiMf! the tissm'K. >ieakoiis the poncr of tho Imdy 
to wanl niT iiiicnibiiil attacks Aleobo) alTe<'tM the stru.'tiire of 
till* led eorpiiHih'H of the bliKHl. and tliiiiitusheM ih<‘ir power of 
rt'Mihtniiee touaids h.einohtie a|{i>n(s (liiutmen) It exerta n 
panil,SHin^ elTeet upon the leueoeytea, and thiia interferc's uith 
their funetioiirt iih deMm\erh of inhrtive miero-ori{amMiiM that may 
have gained ae(‘4'ss to (In* blofal tin tin* blotHl-plasina ako. ah oho) 
haa an injurious aetioii. biiiiKinj: about a deneAM* in i1h bai'leiieidal 
|K>uer The ob\ioiis (onehiMon from these «d>ser\ations is that 
alcohol leHsiiiM th<‘ nbdit,> of the bhaal to eonilml diMMse fndeed. 
AS H'^ards its ellists iipmi the lemoevles il(»isle\ anil Stui^* 
remark that ' the seiloiiHieHs of (his adveix- inllueme < aiinot 
he o\er eHtiinated lleiem lies the exjiUnatioii ot man\ iiibv- 
turns riiiiny jirolonjted illnesses, much chioiiie ill-health and iniui) 
tarmatuie deaths*’ A Hhji(ht j;eiieral depiessiiijt inthience siieh 
as a ihill or a liKid injiin may be most flaiiKrioiis to a (hiiuiic 
aleoliolie, wheieas ii])on a bealllu individual tlieie iiiiglit be no 
lianiifiil eflis't e\en if iui('io-orj;aniaiiis wen* pn'sent. beiuuw* the 
MtuI reaelioii of the normal Iiea1(b\ tissues uould pn*\e]it a general 
infeetion 

Action on the reproductive cells.- Herthelnt and Weiehsel- 
baiiiii have shown iiidepeiuleiitU that m the majoiit> of male 
ah‘oholi<' iNitienta (hiiig m the prime of life there ik atruplu of 
the lestU'h'H and absence oi aeiviit\ priNliietion of spermatozoa 
In the temale aulijeet alteratiuna of a Himiliir ehuraeter may be 
diw'oveml in the ovani'K Mmbid ehanges ol the same type ean 
be produced m (he gtmitnl gluiulH ot ex|H’nniental aiiinials (rabbits, 
duga, guinea-pigs) b\ eontiniKHl admimstrutioii of aleoliol, and 
further, then' is diri'et ex|K'nmentul evidence that jiarental alco¬ 
holism may leaet injunouHl;i u)M)n the Mtalit\ and uoriiial develop- 
meni of the offspring Alcohol was udininistvred to guinca-pigsi 
by inhalatiov, and the (irogeny of the alcoholised animidB, in 
eomjjarison with the young of ''control" animals of the name 
atoek, were found to lie ebnspicuoualy inferior, in strength and 
vitality, and in many inatances presented gross abitormallUes of 
■ *' Aivohul ttuii the Huuum llutiy," |>. SVC. 
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ThcM* ill t*fTi*ct'i wrn* tniiisiinlttil thnm^li M^vt^ral 
gi'iieratiAiH, and Hrn* iiidiNtI mow pMiuMiiirrd in tin* IhIh ^ftioru- 
lions (hail in tin* iiiinn'diatr otTHprinir of tin* iil< nlintiM'd niilijctiA 
Kvon whnti tlinn* iiir no >tnii*tiir:il (li(iii{fi‘<« \isil>]r ni tin* ^rnrin i*(‘11m, 
ihi* inj^riMis itilliinnii' of tin* nitoMi'ation inii\ In* iiniiiitrstisl m 
thr prof'nnN ' In \irii of tin* i;ii(it iiiipoilann' of tln'M> tiMills 
indi atiii^ ns Ihri do a of the dciniioialioii of the line 

through |Min*iital aholmlMii it I'onsidi'Wfl nrll to <<iih|M*iiil jiid^ 
iiii'iit on tlinsi*«\|ii iiMii'ilt^ until tll(*Mtiii lihioils liaxi' lirui xmlird 
by fiirtln*! inxnslipxtioii • 

Effects of single doses. Sinh fliin an* tin* innin 
pli\*iiolo^iral o(T(‘< ts of »li o||o| taken ill Milln n Ml (|nanlitx and xxitli 
Mirtiumt finjiH'inx to i ansi* < hionie ali oIioIimii t^ct its turn iioxx 
(o the ifTeits piiNlined xxlieii these mnilltnais aie not fullilled b\ 
fill thi moil iiMial uivi* What aie the ii*'ull> xxhen tin* i|niiiitilx 
iinbila'd nlieliiei laiife oi small, is essenli.dlx an isolated i|uanli1x. 
not repeated at sm h '•lioit iiiterxnis, or over so loii}; a |ieiind as 
(o laijse an ait to iiMtiti into a nioie oi less (oiitinnoiis habit ' 
The aiisxxei to this ijiiestion iiixolxea lonsidenitioii of the mental 
elTrits the intiiieiiM* on mil nihir xxoik and the reMills |inNliimi 
hx aleoliol on the dii;estix( ies|mii(oix and (iKuliiloix sxhteiiih 
TIh’m* xxiII noxx In lexiexxed m the oidei ^ixeii 

Mexltel effects. t>n tin* biam and nervous sxMein almliol 
HI ta as iL iiareotii If a dose is taken Miltiei« nll\ liiiise (o pMNliiee 
in(o\ieA(iou (hen. altliouith the suKos^xe phasi'a of inehiiiilioii 
cannot la* .•<liai|)lx rhstiULniislied and each eina* Iiiik ith oxxn |n*iiiIi- 
aiities xet hiiNidlx. three main stap*s eati be made out 

In the first slii^e thin' is a xxeiikiniii^ o| M*lf*(ontio|, and u 
hlimlintr nf tlie |Htxxer of s«*lf eritn ism In the hhoiuI, the ner\cais 
fuiietioiis eontrollin^ skilled inoxetiU'nls and Kense>)K'rec|)tioiis iirc 
(ii\olv(*d, there ik a lertHin (liiinMiiess of liehavtoiir, an iin|»alr- 
nicnt of xiHion. hearinif eti and alsiMmiotiniial inalahilit,\ . hIiiIi* 
aa (ho iiareosia pna eeds, diiliiess and hl‘avlnes^ dioainx aomnoleiKr*. 
oruetimlKliH'pnux sii{M*rxene In the third btage the intelkH*tual 
proeobHOH of judgm<‘nt ami self-eritieiam anil lontrol an* v'lrtualK 
suaponded . (ho funotiona of M*nHe-|a'reeption ami hkillcd inov'emont 
an* gn>bal^x iiii|Niiii‘d. and the emotional loiid(*nei(*b (liornmdvt'H 
are inxadf*d and u'*akotH‘d, so (hat onl) strong apianilH to th(*iii 
*Mul!i(‘e to evoke ailv reaponM*. and, in their the drinker 

aiTtks inert and ner/eleiw into a heav) hli>ep, xxhich KatH until the 

• > Stockard, .Iwi'Tioih S'»turait9t, 11113,47, lOiO, M, Prot. Sw* Krp. 

BtuL Med., lOlJ, IDM. 11. < 
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ilfohol abuorboil by (ho norroua oystom has been oxidiaed or carriM 
away in tho ^lood and ronanmed by other (iasura " ‘ ' • 

< Thoao thrrr main atagra coircapond with the invasion by (he 
narcotic of the three principal levels of cerebral function, namely 
(I), the higher intelleetaal faculties, tho latcet aequiied,in (he 
development Isdh of the individual and of the raeq; (2), the 
sensory and skdied motor functions and their nerve-centres ;< and 
(3), the emotional rapacitiea, a very ancient endowment, situated 
III the luiMtl ganglia - the |iarl whieh is alone represented in tho 
brains of the loner rcrlobrates Alcohol successively weakens 
and sus|s'iids these functions in the onler gi\en fioiii above riown- 
narils The higher mtelksliial faculties are the tirst to suffer; 
then follons the nan'otisiiig of the sensory and skilled motor eentres, 
and tiiially even the emotioiial faculties an' neakeiied 

I'lien- appears to la* no ci-rtain CMdence that alcohol acts as a 
stimulant on the nervous system The jiassiiig phase of initial 
exhilaration or exi'itement often ohsiTvcd in the early stages of 
intoxication may, not improbably, lie attributed to the intiuence 
of festive envininnient acting u|K)n the emotions, the control of 
which iiy the iiitelln-t and by the will has liis-n diminished through 
the action of the .ileoliol taken A|iart from a possible exeeptioii 
ns n'gards a small or moderate ilose of alcohol nitiiig on the 
resjnratory nerve-centres, the eoneliision arrived at from a study 
of the ex|a‘riiiients reeordisl is that the direct effis-t of alcohol u|iun 
the nervous system is, in all stages and in all [larts of the system, 
to depress or ausiicnd its functions In short, alcohol acts as a 
imreotie drug fniin first to last 

To explain the sueeessivc stages of the action of alcohol on tho 
brain, ns above deserilied, the following byiwtliesis has been put 
forward Alcohol acts primarily and most powerfully, not upon 
the nerve-cells themselves, or on tho nerve-Hbres, hut upon the 
junctions (sjyan/iscs) between nervc-eella The nervous system may 
bo regardeil as made up of a large number of cells, each consisting 
of a centroi bixly and one or more fibres, and each cell liaving no 
aiiatoiiiieal continuity with others, but only a functional one. 
Tho jioints of contact of tho cells are tho weak points of the nervous 
pathways. They are tho pomts which give way must readily under 
strain or shock and under the infiuence of fatigue, and of various 
paralysing drugs Further, there is good rcailun to believe that' 
m the lower levels of the brain the points of junction are relatively 
firm and open to the passage of tho nervous current, whereas thosp 
of the higher and later-developed levels are less 'solidly organised, 

I Alrohol, Its Agtion on the Hiimsa Orgaiusm," j^. 35, SO. 
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■Mid therefore offer I'nora resistance to the current (Merely as an 
Uhutratn^ .analogy, we loay pieturo an elertric «||rrent inusini; 
through a eopiwr rod divided into a large nuiulH'r of segments*, 
if at one end of the real the segments are pressed (irmly together 
the emgeilt (lasses rahily. if, at the other, tlie segments barely 
touch one, another the current jiassm the junetions only with 
difflOilty) If it IS nssnined that alcohol acts equally on all the 
synapses (nerve-cell junctions), equally iiun'Shiiig their resistances, 
it wili first raisi' the resistance to the jioint of non-conductivity 
at those juni (ions uherc the normal nsistttiicc is iilrcudy grisitest 
that is, in the laterdcsclo|Ksl Icicis, nlicrc (he mental functions 
an' highest . .iiid it will inogn-ssivcli ciTcil ii similar imrulvhis of 
the other nci\c-|mtlis 'I'lius the higlici intclli-ctiial centres Hoiild 
be the tirsl |siral\sccl, then the HSisory and skilhsl motor centres, 
and linally the emotional eeiitn's, nliieli is the onicr oetuall) 
oliservisi to oeeiir > 

Experimental investigations. A short outline may 
hero he given of some of the researches nnderlaki>ii iliinng recent 
years on the nientiil effis-ts of altsiliol, taken for the most jiart in 
small or moderate doses it »ill serve to exenijilih the methoda 
adnptisl and to indicate the general results obtained 

Krnr|M'lm of Mnnieli has eninisl out a long series of careful 
mvestigatinns ies|ieeliag the inlluence of alcohol, taken in moderate 
nr .small doses, ufain the mental fiiiietions The amount of the 
done varied, hut as a rule was about an niiiiee, diluUsl with water. 
Sometimes one-half, or one-quarter, of tiiia quantity was used. 
In fact, the amounts were often far below those frnpiently taken 
at meals by onlinary individuals Such mental processes os reading 
aloud, adding columns of ligurcs, calculatmg arithmetically, memor 
ising words or nuinlicrs, ami associating ideas with words, were 
employed in the tests Tn certain of the experiments the rate of 
mental action was measunsl hy means of timc-reconhng appara^s 
designed to indicate accurately the reaction-period— 1 1 , the time 
occupied in making a response to a given signal In other experi¬ 
ments, the ability to odd figures correctly was tested upon subjects 
sometimes taking aleohol, sometimes refraining from it The 
ontUnes of one such experiment may be given as a simple example 

first six days, no alcohol taken Practice in adding figures 
tor iudf an hour dally. The ability to add increased eveiy day. 

Next twelve days, alcohol taken. In spite oi tbe'inflnence of 
t^e poBvious days' practice, the capabili^ of adding did not incitase 
Cta the contrary, ft began to decrease very rapidly. • 

‘ “ Alcohol, Its Aetton on the Human Orginism," p. i7. 
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Nini'tK'nth (iiiy, alcdhni stopped fraim*dmte hiiprovemo&t 
mIiowii ^ * 

* Twerih'rtixih day, aludiol n'Hunuil A decided diTreaHi* m the 
power of adding K^irea nan again Kho\in 
The general n'siillK arrived at fniiii all the tAperiinenttf'Hvn* that 
ill the Himplei. more or less autoiimtie Mork, mental a^'tivity was 
alightly quiekeiied at the oiitM't under the iiiliiieiiee of aleohob but 
in most eus<‘s liegaii to ioloa douii after a few minutes, the diminu¬ 
tion iN'eoimng more and more marked, and emluniig as long hh the 
aleohol uas iii uetive o|K‘ration in the hnd>. namely, tour to live 
hours Whim, on the otlier hand, tin* higher poat'rs of the mind, 
rtj, those involving asMS'iation of ideas and the formation of judg¬ 
ments, Hen* <‘alletl into plai, tlieie Has no n'al 4|iii(‘kenmg of the 
hraiii aeli\it\ uiiiler ah'ohol The slowing elTecl hegan from the 
iiisl, and eontmiied thioiighoiil Monsner, not oiilv d(H‘s ahsihol, 
lueonhiig to this ohseiver, delai the rapiditv ol (erehral asniem- 
tion It alleiH the qualitv also, fa\(»iiimg (he mteiior kinds of 
mental assoeiatKiii and Heakenmg the highi'i' associations lii 
other Honls, e\eii sm.ill doses of aleohol inlliienee uihelselv, from 
(he veil lirst, the liner Hoik ot the liiam eelK 

Asi'hafTenhiiig maile a eaiefiil senes ot ohsri\,ilioiis ii|)on the 
uork of eoiiipositois, done when aleohol nas tak<ii iii ' dietetie '* 
f|uantit\, and also Hitlumt aleohol Me found that then* Has a 
distmet im|Hurmen1 of mental aetniti. amoiiiitmg to ahout !1 ]K*r 
«rnt as measured h\ the output of Hoik nheii aleohol Has taken 
The itn|Niirmeiit nas aliMMit in one rasi* onl\ out of eight 
(Kher investigators hiise studied the duration of the effiTt 
pnaliieisl hy aleohol Furer used amounts smh as an* eontainrd 
in two liin*s of stnmg his'r or half a htn* of nine The eilecta 
Hen* found to last all the folloHing da\, eausing a dulling of mental 
lalmur, although the riubj(*et hrs under the im)>n*Hsinn that his 
Hork was just as gimd as usual Kiirr. taking 8(1 grams of aleuliol 
in Haler on tneUe aucei*ssive evenings, found that then* was a 
dividi'd diminution in the da.i's H<irk (ealeiilatiiig and atud^ing) as 
eomiiarfst with that done on aleohol-frec davs. and that this effeet 
persisted until the fifth day after et*asmg to takf* aksiliol A single 
large dota* acts for tneiiti -four or e\en forti -eight hours 
W. MeDougall, drs(*rihing a '* methml for the study of ismeurrent 
mental operationa and mental fatigue,*’* mvtSitigated the effect 
of dietetie qdantitiea of aleohol u|)on siibjei'ts ik'rforming a certain 
task-*^-namely. accurately iparking dots driven past an opening 
ab-a known rate In one aeries of exiieniiients he fopnd that the 
* itfgwa Jowwi nf V 



XII 


THE I*HVStOt,()IHCAI, EFPBTX OF AUVIhiV- ‘JM 


rrror» under (hi* iiiHiii'nii* of iilriiho] ('oin|Nin*d viith the normal 
errors oH!) to !f7H Fii AMotlii‘i' (shorter} HrpcH the> wen* 

as 351 to 3tM Tlin*!* oinii'ri id uhisk) eiiiiMi'd 53 |M’r n*!)! nwr^ 
errors than \iheii the hniin vah under normal eonditioiis On 
the othfr flnnd, the ern>rs nheii (ni kih takim uen* less than the 
normal • 

'rfr general results of tlie>>( .iiid other e\|H'iiiiieiits go to slum 
that. As n*gartls the elTeets of small oi niodiiate doM‘s of aleohoj 
upon the nervous and nemo musnikir s\stein 

(1) Alenhol Jenutliens the (lint taken to )N‘if«irui eomplex 
mental pnK'essis although tlie fsasoii e\|H'iiineiile<l upon iniagtnes 
that his ps'iehl(4il atinilies me leiidered iimie ni|Md 

(2) Then* is an initial stage of (einpoiar\ stiinnhition orexhilnia- 
tioii, ehie(l\ due tti ii sligh! niinihiiii! of the higliei nerve-eenlres , 
but this IS followed b\ » pmloutfeil depiessiint iiftet-slage 

Action on the neuro-muscolar system. Kxihti 

nieiits hiue heeii nude in oitlm to leM (he lutioii ol aleohol on 
(he imisth's themsi>|u‘>. M'lmralisl fiom (he iier\oiis mstem' 
With dose'> raiigiiii! up (o tie* eijiiualeiil of nlNMil 70 ee for mail, 
ndministeied thioui'h tin* blood no oli\Mai’< ellett Mas jiitKlueed 
upon (he loiitiat til(‘ |ionei oi othei liimtioiial |iro)N‘ilHs oi niiiM'le 
It is theiefoie iiileiltd (hat am inlliieine mIihI) aholiol in oidinaM 
({uantlties eveits upon (in )H'iloi'iiiaiite ot niiisdiliii nets inUHt be 
refem*!! to its efTists ii|K)n the iieite i entres eoiuermil Midi aeti- 
\iiting the niiisi'le 

Aleohol depn'sses Minple rellex leaitioiis of the nervous svatein 
A doHi* of 30 < e taken one to one and a half hours ladon* the test 
wan applied was bmiid to lessen the s|M>«‘ii and luiiplitude of the 
n*flex kni*e-jerk As an average obtained from oliservation’i on 
SIX niim. tins dose of aldtliol rediicdl (be simmiI of eoiiiiiieiieeinent 
of tlm ^Mp(mslve nioveinenl bv !M) |n>i eent . and dinimjHl](‘<l the 
extent of the movement bv 4S 0 pei fi-nt A larger dose, 45 e e . 
inipairiHl the n*aetion sjieed and aiii])iitnde still more * iSomeMlial 
similar results, though of smaller ]N'nentnge magnitude, Men* 
obtained Mith the rellex siicod ond amplitude of (he evebd move* 
ment when an mvoluiUarv blink mom evokes! by a sudden loud 
aound 

^ A slight quiekeamg of the jiiilse rate eoinmonly folhms u|Mjn tin* 
taking of a moderale dose of al(<diol 1’bis ae<*eleration appears 
to be due to a deprewioii m degne of the rc4lex eardio inhihitory 

*> Kurth oad HtIimyz. VJht^r'n l/rAir, ItMl. 129^ !i2!i 

* Dodge andJBcittdirtt * rnycboldgKal KffecU of AkoliCil.’' WenhingtoA, 
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tone which, normailr, acta in coitmint i>{ the licart-bcat.* U does 
not, apparently, occur in aii caaea 

' The ilcpmwinn rauacd by alcohol m all the foregoing inatancM 
indieutca a a|icrilic lowering of tliii powera of the lower nerroiu 
cenlroa, Hiinilar to that produced by druga like chlurofonnl'tlfjugh of 
much loaa intcnaity 

Voluntary morcinenta, aa diatmet from reflex oetiona, are much 
more complex maltcra for invcatlgation Kxperiments have, how¬ 
ever, lu'cn made which, without attempting to analyac the willed 
act, and accepting the inoveinent made as index of that act’s 
aiicceaa, indicate how its ellicicnei changes with aarying conditlona 
Kor exniiiple, the crgograpli c.iii la' iiaisl to cxaiiiine the jiower of 
a mnaiulnr act and its ubiliti to withstand fatigue fii one form 
of this instillment the middle fiiigei is coiiimoiilr used to raise a 
weiglil liy means of a siring and pulley The lingiT la fitted into 
a ring of leather, to whicli tiie string is ntlnchcd, the weight is 
one of about!) lli 'I'lie fomirin and hand being at rest, tins one 
linger is bent at inlenals of tniiii one to two sceondh, the wei^t 
being lifti'd as high ns possible The inox'eiiieiits are legistered, 
and are kept up until exhaustion oei iirs 

Speeinl caution, howexer, has is'cn found nisvssarx in interpreting 
thu results obtained with tlio eigograpli The siilijis't's mental 
conditions ore lialile to affect liie rei'nrds to a inarkisl degree, 
(tteoling states of Ins miiiil, siieii ns varying eoneentralinn of atten¬ 
tion, and gnsiter or lesser interest in the lepidition of the ipove- 
ment at one time than at another, may distmetly influence the 
performanee The mere knowledge that he has or has not received 
a dose of alcohol may affect the subject's action, and thus obscure 
any effisitn produced by the alruhol itself ^ 

Rivoiw,' amongst utheiw, has carried out investigatians in which 
pns'aiitiona have liven taken definitely to giianl against such sources 
of error. Kxpenmenting iiimn two persons, he found that single 
doses of 5, 10, or 20 e c of aleohol left no indubitable traces upon 
muscular aetioii, as recorded by the ergograpb With the dose 
inercosed to ,10 e e , a small increase in the number of contractions 
performed was shown by one of the subjects, who. previously, had 
been dn abstainer from alcohol The increase appeared about 
one and a lialf hours alter adnunistratioii of the dose. On the, 

I ' 

other hand, the second subject diowed a slight dccreaso of work; 
but tho investigator was not satisfied that this was a clearly-estab¬ 
lished effect due to the aleohol ‘ > 

^ Dodge and Benedict. " I’syeliolngicsl Utfeots of .‘tlcobol", WsshingtoOf 

ms. 

■ " InBusnot of Alcohal and othac Drags on FWtigua." loadoB, IM.. 
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It was noted, honpvcr, that the 40 e e. dew of alruhol did in one 
of the t#ij objects impair the ■■Mn-utiun of wiine !ikil|fd niatenietfle 
(a4)iuting the apparatus, eir ) iiii-iih'nial to (In' l■\|K'rImellts. thmiph 
not recordi-d on the rr|!nt;rapli \Imi, uitliin liall au liimr of taking 
the dooe, * then' <auu' on a siiiijeelive feeling of la-'oilmh' and din 
inoUnation^for aetirity, eithiT of liialy or mind It nan doubtful 
hort*far the state of la>Aitiide uas preceded by one of exhilarotion, 
but, if the latter iH'curreil, it wa- certainly of very brief duriitioii " 

Oeeretzkowsky and Krae]M'hn,' giving a single doM' of I'HI c e, 
likewise found no oinioiis elTect of alcohol upon tlii' eigograjiliic 
rcconl. Hellsteii,^ lining n form of eigogiapb in uliieli the move 
ment reglstcn'd is eMvuted aitli tlii' tuo arms and eiiiplouiig ns 
the subject of the evpeiiiiicnt an allihtc of INI kilos ueiglit. foiiiul 
similarly that single dissi's of o,"! e i and of ,*)(l c e of aleoliol jinHliicisI 
no clear and uneipiiMH'al elleet on llii- n'coni The ahsihol won 
given in apjimiiriatc dilution with natcr tive to ten minutes iM'farc 
the test began With a dow of Sd e c , there nas a slight and abort 
increase in the ns'oided inuseiilar nork. folloucd liy a niarkeil 
decrease When this dos' uiis taken half an hour ladore the test 
began, the deorense oliseivisl anioiiiiti'd to 2ti js-r eeiit of (he normal 
pcrfbrmame done uitliout alcohol When the aleoliol was taken 
one hour previously, the dein-iise was IT js'r cent, and when 
taken two hours Ix'fore the test, 11 jier cent 

The effeet of alcohol on the niiisitilar eifort involvisl in walking 
uphill has liecii nivestigati'd by Diirig* The eondilions of the 
ascent—route, tune of ihiy, ete — were kept as far us )irac(ieablr 
the same for a number of suei'cssive tests, but on some days aleoliol 
wan added to the food ration, and on others it was omitted The 
dose was ItO c e of aleoliol in iritl of water, given at bri'nkfnst just 
before etorling. ft was found tliat althoiigli the walker, who was 
accustomed to niislerate use of alcohol, felt in himself no dilference 
between his condition on the alcohol days and on tiu: non-aleobol 
days, the ascent jier minute was on the alcohol days less by 12 to 
14 per cent, than that on the non-alcohol days. This was so, 
although more energy was expended by his body on the former 
than on the latter days Tlie investigator was inclined to attribute 
this detocioration to imjiairment of the skill with which movements 
an directed : tlie effort of the alcohol tended to undo the results 
of previous training. 

On a different scale, and of a different character, are'the muscular 


• ‘vpaydiolirg. Arbeiteii," ItOI, }, |ivl. 687 

• Stand. Anh. Ph^., IttM, U, I BO. 

• PJhifPt AnJiit, leoe, iU, JM. 
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movements involved in odjuslint; the eylxlli to tlie fceuwdng of 
the sight on «ii ohjeet hnnighl eloser and eloMT to the observer, 
'riie effeets of aleohol on xueh nioieinentri have been studied by 
(iudlery ' He fotinil lhal u don(> of 211 e e did not affeel the foeility 
of niljUHtinent, hut one of 4<l e e ver\ distiiietly ueitkeknl and 
aloued the iiioieineiit The iin|inirinent »ai tint dilestible about 
twenty ininnles after taking tlie dose Normal s|H-ed and |tnwer 
were n'gainwl alioiit tort.i minutes Intel. A greater iiii]iairment 
was allow n with till ei of aleohol. it laiiie on siainer (in ten to 
fifteen iiiiniites). and lasted longer (one and a half hours). 

Similarly. Dodge and Keiusliet found that a dose of 40 ee of 
aleohol iiiensiirahli iiilliieiieed the speisl of staitiiig the inoienient 
ns|iiiiisl III direeting the gare to a tiesli ohjeet Siiili a iiioreinent 
in\olv(‘s not only the iiiotoi lentres diiis’ting the miisnilar aetion, 
hut also the si'nsori nerve eeiities, mloiiuatlon lioin wlliill (ns to 
the jaistiire of the evehiills and the diii'etioii in whieli tlii'y hare 
to la- turned) is n faetor in the giiidanee and nierini-ss of tin- motor 
(s'litri's tlieiiiaelves The dose of 4.') i' e was found, an lioui and a 
half after iinliihitioii. to meiease tlii' iioimal ilelav ill starling the 
nioveiiieiit hi |."i per leiil . Inking Ihi' aieiage foi the si\ siihjeets 
tested ’file same ohseiieisi fiaiiid also that a closi- of 4."i i e of 
aleohol nshieed the ra|iidily of a siniph' to and fio hligei nioienient 
hy 8H |aT eeiit. taking the aieinge for the saiiii' si\ (a'lsons as 
before Tina test was likewise made one and a half liiaiis after the 
aleohol was drunk 

Whilst, therefore, dediielions must he eautious on neroiiiit of 
the relatively small iiumls'r of siiitahle e\|sTiinenls. the arailable 
eridenee iiidieates that a single dose of less than 40 e e of aleohol 
has hut little, il any elTirt upon the |H'iloimame of simple, " un- 
skilhal " iiiiiseiilar nets hy an adult aeeustoimsl to moderate use of 
aleohol tin the other hand. tli(‘ ja'rformanee ot nets rn|Uiring 
skill temls to Im' tem)Kiiarily iiiipairiHl by a dost* of even 3tl e e , the 
elTret being sliown es|H'eially in n diminution of the s|Hrd and nierty 
of the jN'rforiiinnee Then- seems to Iw no trustworthy evidence 
showing that, in noimal eireiimstniiees. nhohol inipniies the 
efticieney of iinr miiseiilar jH'rformanee. skilled nr iinskillrtl. 

Efiects on the digestion. ltes|K-eting the rffeet of 
aleohol on the (iroeess of dijn'slion a giwal deal has biwn written,^ 
Imth as to t|ie favoiiralde and the detrimental results produced; 
but the consensus of miKlerii opinion seems to he distinetly against 
the yivw that for the onbiutry healthy individual there is, on the 
whole, any luirticnlar Iwnelit to be obtained by the use of alcohrd 
* ArrAiv, I8t)y. & 97 . 
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M a Uwtotir bevfragr Soiiw* iH'iM'fioial aitUui thon* may Ik*, hut 
it is Imhti* tel Im> M 4 ‘t olT !>> unih'^iriililr coiisiHiiii'iit'Kan othtT |HirtN 
of thf* K\Mt<iii It Is onh 111 (I'rtaiii lUMitr <Iim‘ii*k‘s ihal aii,\ ih'siraiil* 
I'ffi'otM prudiiicfl liy ali'nliot on llu* stomiii'h aii' north olitaiiiiiiK 
(Vrtifliilt tlif 1‘onniioii notion that nholiol m tnoiliTali* qiiHii(it\ 
IH u^UM'fiib Hid to ^Hstrii dip'Mioii d<H‘s not rotrlvf M’T\ iiiiich 
fluppnrt fnini dip^stion vxprriimmts mndf /a ntut iSoinv of tlio 
<*arln*r of mkIi (•\|M‘Mim‘tit*i nirriiNl out l»\ Sir W ItoUTth' nion* 
tlmn a <(iiHrt(T <»! a umliirN a^ni ma\ iisofiilK Ih> qiioti’d TIio 
iliffi'htioii iiiixlmc siiidiul MiiH (oin|M>s('d of 2 };iiiiii.s of iii^'f-lihro. 
I ('(' of ^l\n>imo rxtiSKt of tN'|»siii. IiMinMhloiii add siilluMit to 
|;iv 4 ' (Mo |H*r d'lit of MM and \{ir\ihir ]iio|)ortions ot ah‘oli<»lir 
lu|Uorh, tiu' uliolr In'imi! madr up mill niitci (o n xolunir of ItN) r v 
The turn* in uliuh (ho dip'stion of tiu* lurf was lomplotiMl niw 
ioni|uiti'd uitli l)ii‘ tiinr (onr iuindri'd niimiU>) uiiuirHl nithoiit 
ah'ohol Till* losiilts uia\ In* suiiinianscd ai« follows 
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whisky, and ^in 

Itobcrts roiisidrn'il lliat tin* wiiirs and nmlt li(|iioih coiitnini'd 
Minii* n'tanliiitr ai;t*iit hi'sidt's ahohol, us tiu' riTcft tiriMliirod on 
tlif‘ digt'Htion was out of pro|K>rtion to tin* aiiioiint <if al«*ohol pn^scnt 
If the total KA^tiU' < har^* <if foral is takdi as 2 Hi, 20 {nt rout of 
this would Ik‘ nlMiiit ii] u/.. so that arcordiiif^ to thcw* reHultn 1<‘hs 
than a KiBss of Imit I'xordsch a |M*m>ptihlf*, tliouich not a 4‘on> 
aidiTahlo. 4‘ffiTt u|K»n |N‘ptM diK^'stion 
(Vmiing t<i more n'lorit work, ('hitlrndru's ox|M'ninonlM may 1m* 
<|UOtiHl This ohsniir found that when tho jN'rd'iitagi* of alcohol 
the digcstivi* inilturc used was as low os I or 2 |MT (*(‘nt there 
waa aoinctniicM a i4lij;ht a<‘cclmtioii of the rate of digcation When^ 
l^wevcr. the pniportion of alcohol waHjaiMcd, retardation or iilhihi* 
tion of digestive hetion occurred, though thia wan ordiiuirily iKit 
* "CoUcclnt (SiintninitKiiM un Ihgesliuii and Dirt,** 1891. 
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very prononnpFd nntil the digeetive mixtnie contained 6 to 10 per • 
cent, of alcnlial, or more. Further, with a weak gaatHc juice, 
Where the amount of ferinent present is small and the digestive 
artiem runsequentl} slow, or where the pVotcid material is difficult 
of digestion, the retarding effect of a given percentage^ oh alcohol 
is far greater than where the digestive fluid is more saetive. It 
may he noted, m passing, that a concentration of lU |irr eeitt. of 
alcohol can rarely, if ever, lie present in the stomach of a living men 
for more than a few seconds 

The foregoing experiments do not. of course, take rnto account 
all the factors eonicrncd in actual digestion in (nrinm In addition 
to the effects of alcohol upon the action of the enzymes as just 
descrihcrl, its infliienee upon the arvrction of the digestive juices, 
and upon the churning inovements of llie stoiiiiieh which normally 
aid digestion, hare also to hr considered. ' 

There is no doubt that aleohol placed in the mouth does, like 
other sapid fluids, increase the flow of saliva, hut this action is of 
no very great importance Tliere is also no doubt that on reaching 
the stomach alcohol evokes a considerable secretion of a kind of 
gastric juice This juice, however, differs from the normal gastric 
juice, inasmuch ns it is drrieient in pepsin, though it contains 
the normal amount of hyilrorhlorir acid. In fart, whatever jiepsin 
this juice contains is what has been washed out of the cells; alcohol 
apparently cnusi>8 no fresh seerction of pepsin Hence the increased 
supply of juice is of no ))artirulnr value in improving the digestion, 
although, on the other hand, there is no evidmee that it has any 
detrimental effect. The flow of the other digestive juices—the 
isuicruatia juice and the bile -is also stated to lie increased by 
alcohol, and this may lie in part due to some actum on the stomach, 
since it is known that an incrcaso of gastric seiTotiim often leads, 
to augmented activity of the pancreas. As tested by experiments 
on dogs, the amount of increased gastric secretion is greatest when • 
relatively small doses are given, such as ]Woducr in the stomach 
a concentration not greater than 10 per cent. Larger proportions 
lead to the formation of much mucus, with less total juice. 

As Koberts's experiments and those of Chittenden diow, the 
peptonislng power of the gastric juice is not much affected by small 
doses of (]d^) alcahol, but is ffistinctly retarded by large dcses,^ 
Some authorities have considered that the ettccts on psnereatie 
digestion aie more favourable, and even that alcohol accelerates 
the digestion of fats; but there is evidence to show that as tested 
in eifro the enzymes of the pancreas are yet more susceptibls to 
the action of alcohol than are those of the stomach. In coneentn' . 
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tlon^ as low ah 2 tf> 3 p<»r <*«it nliHihol may rctanl tht» difii*MUun of 
aIbuminauH^*tul>^tan('(M Hut be that a** it iimv, tj|i* prolmbilifv 
19 that, in the or^aiiiMii. niruhol n*aehis the iiitesliiie in xiieli tela* 
tively ritnall |ini|Mirlioiis and in Midi a lim ch‘i!ni' (if eiincenlnition. 
and nT(>|e(*er is so rapidU absoriNMl tlare, that its .uiioii on pan¬ 
creatic di^iNlion j'* of ('oMi|miali\ei\ small im|Mirtaii(‘e 

ACte^irds the diuiiiiim motnin it is often stated that ahohol 
•" proinole'j jfieat(*r aeti\ it\ in the niiiHeiiliir lu>ers of the stoiiiiie]i,''' 
and thiH tendi to aieeliTUti^ digestion It dias not iip|N*at, Inm- 
cn*r. that thn iii(i(‘as(Ml aeti\it\ eaii he aeeepted as xalisfaetoriK 
fliMiiunstiated and some ohsfi\ets haie failnl to olilniii iin\ eon 
firmation of tie* statement t'ailson * foi indamr. Min no iiieieA'a* 
of eliuiiiini! iiioM'inent ulien diluted ahohol luaiuU and xmiic* 
Hcie tnti'odiued mto a mans stoniadi Ihrouish a listiila . hut on 
tli(‘ (oiilrarx. the ilntliniKal moxeineiits and the hrneini; ot Die 
tmiaeiihir (oats, nhidi aie assoemtdl uith hiiiifier, \\(‘ie arrested 
Dom'd of 5tl |(K> et of It) pei d'lil ahohol sullhi'd to Hla> the 
huMirer-eontraetioiis toi two hoiiis, and 2tKi < < ot heej had tin* 
same etTe<'t for half an hoin to an hour Cliittendeii.^m e\|N>rinienlh 
on lion's, did not lindlh.lt the picsemeot .iholiol iimlciMlIi h'sseiii'd 
the (line duiini' nliidi 1o<h1 KiiiaiiKd in tli(‘ htniii.idi Tiiire 
apiN'.irH, iiidei'd to he at pn'seiil no uood e\ideiie(' that ^aatrie 
iM’oement is im leased l)\ ahohol. whilst souk* ioiiiis of stoina(‘h 
(oi.tiaetioii ai<‘ >\en aiiesird }»\ it lloiih'i and Stiiiite innsider 
that lessened Myoiii ol the iinis«tilai iiio\eineiits of Du* stoinadi i-. 
11 eonseipiinee of ahohol depn'ssinif the neixoiis s\^|cm. sime Die 
ncniM wliieh eoiitiol (Ik* inuMlea ate enh'elilifl * 

Similarly, then* m'i'iiis at pii'W'iit to Ih‘ no tniatwortlii evidence 
that iiKMlenite doM*a of nleoliol iiaxe aii> iiii|K»itunt effed, one wa\ 
or the other, upon tlie pioccsh of ahsorptioii of the ili^«*Mted food 
stuffs mto the hliHid In general, it iniix Ih said that ajiiirt from 
its taste and its ti'iidonc.i to iiiereoM; gastric M‘cn*t]un and iinii us, 
alcohol itbclf, in moderate dobcs, has not hi'i'ii provisl to affect tlie 
dij^tivo organs to any appris'iablc degree Dn (he otliei hand, 
then* is a consensus of opinion that some of the alcoholie iievcrageh 
may lio more deleterious than otherb Home wmes. for insiaiiec. 
do not " agn'c ‘ with <*ertam {KHipIc, though othi'T iNTsons ean take 
them without digest.re ill-cffectH The c\traitjve iimlterH- tun* 
nhiM, aeiils, sugara. aad other i»ohds os also the lolatilc smondar) 

• 

1 EiirjfH. Itril . nrlicK* ‘ Alciifwl " 

J. rhjftuif, lUl.t. 32.• * 

* Phyaioli^ical A^'Cis iff Liqiiur Prutik'in," 1, 28t. UmImi. lOO'l • 

* ** Alcohol aiiQ Uil Utiruoii Uudy," p. 104. 
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eonutitncntfi, namely, pstrni, higher alrnhota, aldehydes, and acids, 
have lieen auggenb'd as the pciHsihle l■n 1 I«el^ of dinturbed 'digestion 
In these eases, hut at pn'sent there is nothing oetually aiul definitely 
known ahoiit the elTeets prixhieed by these snbstanres. 

Action on the respiration.- Almhol has lnng> iwn held 
in repute ns a n's|iiratr)rv stimulant Many olM'n'era hare noted 
a small iiK'rense in the aetiiitv of the lungs following iipoh the 
administration of a moderate dose of nleohol. even when eare has' 
been takim to keejt the snbjeet in n‘|s>se after the dose Not all 
the ex]ierimenlers, however, agree m tins eonelusion Thus IjOewy* 
gave, sefinrately. doses of il.'i e e and (HI e i of aleohol to each of 
two snbjeets. one habituated to aleohol. the other nut, but only 
in the ease of tlie latter subjis't, taking the larger dose, was any 
inereased respirnlorj nelivit.v delis'ted 

Mum nioilern reseurelies |ioint in the same direelion They indi- 
ente that in normal eonditions there is pmluiblv no stimulant 
effect of any jiraetieal im|sirtnnee |imdue(sl on the respiration by 
a iniHlerate (piantity of aleohol 

An outline of a recent reseaieli eariied out by Higgins* may lie 
given The nerioiis centre governing the respiration nets normally 
in response to the stiiiiulaling netion of the earlioii dioxide in the 
bliMsI. inereasuig or dis'rensiiig the respiratory activity in such 
manner ns to keep the proportion ot earhim dioxide )>rnetieally 
constant If alcohol alleels the respiiatorv nrivous eeiitie, in- 
emsHing its exi'italnlity to the noriiial pioportion of carbon dioxide 
and theretore nugiiu'iiting the respiration, the projioition of this 
gas in the blood will fall But the gases ot the blissl are in ninili* 
brium with those of the alveolar air ot the lungs, and this air can 
be analysisl It the analysis shows that the pio[Mirtinii of carbon 
dioxide diminislies after alcohol has Inx-ii taken, the inference 
(leaving other factors out of account for the presi-nt purpose) is 
that tho alcohol lias stimulatisl the nervous centre and inereased 
the respiratory activity. 

lliggms eigicrimenUsI on seven subjects, including both ab¬ 
stainers from and regular users of aleohol Hoses of liU c e, and ot 
45 e c. were given, suitably diluted with a ilavouring mixture, and 
each experiment was eontrollcd by anntluT in which the subject 
took the same tiarouring inixture witliout the aleohol. The patients 
were kept earefully at rest, to guani against production of carbcih 
dioxide through muscular activity. It was found that in some of 
tho experiments there was, m fact, a small redaction of carbon 

' ‘ PJIutn't Anhe, 1800, 47. 801.' 

' J. i’karn. Stpi. TItir.. 1817, 9 , 441. 
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dioxido in thp nlvmlnr air after the alnilinl had hern taken, indi¬ 
cating aaal^ht iiicn-aai' in the c<citahilit,\ of tin- migiralory cenfre. 
Thia effect, however, was rounterhaianeed hv a diminished jirodiifr- 
tion of earlHiii dioxide h\ the lasU, so that the net result on the 
hreathgiganas nliiiost nil 1'lie \olunie of air lin-athisl |H-r minute 
was either^uiiehaiigisl or shglilly diiiiiiiiHliisI 

HlaetiralU. therefore, the elTeil of a iiioderale doM- of aleohol on 
'the rrh|iiratioii nouhl n|i|ieni to Is- trivial “The luilt iiii]ioilaiit 
effei't lit aleohol on rrs|iiriition isthe]iaial\M.sof the res|iiiator) eiiitn' 
by large dose;., whieh is the eaiise of death in (aleohnlii) poiMiiiing "* 
Efiect on the circulation. It has lieen very generally 
Bup]Hised tliat aleohol acts as a stimulant ii|inn the heart, iiirn'asiiig 
the fn'qiienet and jHiner of its In'OI The iiiatler has larn niiieh 
delaitisl, and iiiaiii e\|ieriMieiits lia\e lieeii iiinile with a view to 
aseertam what the elTeet of nlenhol on the heart-lient really is In 
a leei-nt sur\e\ of the whole i|uislion the eoneliision arrived at 
IS that ' It has yet to he |iioied that the heart niusele eail be 
atiinnlaled h\ ahsiliol 

Most III the ohserieis, lioueiei. agns' liiat an inen-ase in the 
pulse rate lasliiig alioiit half an hour follows the taking of a iiiim]- 
erate dose ol aholiol, and there sis-nis to he no donht that thia 
does eoiiiiiionU oieiii. nllliough not always In Higgins's mvesti- 
gatioii on the respiratorv aetii ity. ipiotisl aho\ e. a slight qiiiekimiiig 
ol the heait iH-at was ns-orded in alsiut one-half ol the ex|M'nnirnta; 
no changi- was di'ti-eteil in the othei easi-s Apjianmily different 
jM'rsons reael differently to alcohol, in this resjx-et as in othen. 
IVobably also the quantity taken and the degn-e of dilution hare 
some intliienee on the n-sult 

There is reason to helieve, however, that this quickening of the 
pulse, where it iK-eiirs. is not in the niniii due to a Jirrcl■actiuii of 
alcohol on the heait, sinie most of the olwervationa made on the 
isolatnl heart, fne from nenous eontnil hut still heatuig, have 
shown no quickening or streiigtliemiig of the heat under the iniluenee 
of alcohol. It luis hern suggested that the accelerating effccl 
noted aboTC is prnlmhly an mduvrt result of aleohol actuig on the 
nervous inhibitory (nitre winch restrains the heart-beat, and 
weakening that restraint The quickening effect has been observed 
when fairly strung alcohol (5(t jicr cent) has been simply placed 
*in the mouth and n-jected, without being swallowed 

A single dose of fairly strung aleotiul, such as lirandy, may 

• * Zee. eg., p. 70, $ 

I Aloobol and tlfe Csntio Vascular System," by Dm. Uunra and Findlly, 
of Glasgow Kdyal Inflimary, 
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proiluix* UMpful roflpx pffpfta in cftHrs of faintinf; nr synropp, raiuing 
the heart to l^at more ra])i(lly Hut ax rcganlx thin it haa been 
lAgnl that the mere net nf Hwiilloivini;, even if the liquid ia only 
nnler, |iroiliii'PH a hiiiiilar n-llex action Aleohul perhajw aeta 
aiinply hy virtue of ita irritant netioii on the niiii'oiis tiie^iilirane 
of the nioiith and tliroiit. niiieli in the xiiine uiiy na the fumea of 
nmnioiiia, or nf ether, or of hiiriit fentherx, mil net aa an irritant 
or atimiiiniit when inhnhal That the elTeet la a local and indirect 
one ia evidenced hy tlie fact tlint it aii|a-nra almost nt once, before 
there haa liiaai lime loi any Hi|!nilii'nnt quaiitit,! of alcohol to lie 
abanriicd and ciuricd to the licart In other easea. uhere there ia 
more piotraeled Hciikncaa ot llie lieiiit. a heiielnial elleet of aleohnl 
ia attrihiitahle to its nnreutie and aedative iielioii on the nervoiia 
eeiilrea wliii-h iilleel tlie action of the heart 

Alcohol ulien aualloned produces u );eiiei.d reliiMition of the 
aiiilill arteries uhieh carry hloial to the skin It thus causes n alight 
general Iluahing nf thu bialy aurliiee It npia'iiis, howeier, to have 
only u aiiiidl and not ver\ delimte elleet n|ion the arterial hloial- 
)ireaaiire A aiiinll use of |iiessnie haa heeii deteited h\ some 
olwenera alter iiilia\eiioiis mjeilioii ot aliohol others hiiie noted 
either 11 slight lull. oi no delimte ellei I 

Efiect on the body temperature. It has just heen 

noted that alcohol jirodiieeaaiel.iMilionordiluliitioiiof the hlood- 
vesaela uhieli raniily thruiigh the akin 'I'he dilatalion is due to 
the nhaihol eauaing a slight |iiiralyais ol the iieiies uliieli (oiitrol 
the uiae ol the lilmid vessels, thus allumng them to distend ii little 
A eoiiHeqiienee of this is that the general hodv teiiiiH'rnture la loueri'.l 
.More hlood n'aehea the aiirfiiee ol the liodj, and more lieiit is riidinted 
or eonduetial auu,i Any iia'liiig of uaiinth evjKTielieial after 
diinkiilg'iileohol la explannal by the laet that this tiim of blood to 
the surfaeu mirnia the skin and the ends of the sensory iienea in 
tliu skin, and tluw eumey to the hium a si'iisation of uariiith 
lint the sensation is illusory, the laaly us a uhole has not really 
bean inndo uarmer 

'rho fai't that aleoliol actually luuers the temperature of the body 
was limt aiiiiounecd by >Sir ii tVard Itnlnirdson in 18U0 to the 
British Assoeiatioii Ilia observations shoved u full of teraja-rature 
raiqjing from three quarters of a ih-gree (P) to 3 degrees, the deptea- 
aioii jKoraisting not merely for niiiiiites or hours) but even fur daya.° 
Various observers ha\e siiieo found that ordinary quantities of 
aleohnl taken as a beverage dejiress the temperature of tlie body, 
usually by less than liolf a degree in healthy men; but large dunes 
may vausu a fall of Gvu or six degrees. ’ 
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TIh* i^omisi'd loss of lioat nt tin* iM'riphrrv of the iMNly in thon^fvint 
not (‘oiniHisatf'fl Ity any incrcaMHl |triKlurtion of intrniallj' 
There in fnel. no cvnleiK'e to hIkov Oint ah'oliol hiis iim 
ofTret in (yrrctlv inen^isin}; the late of heat produrtion in the IkkI^\ , 
thoiifd*imhroctly it iimy ilo this to ii miiiiII rxlrnt nanu'K, in so 
fa^H it favours nuiM’iilar nMlosancss h\ \\i*nktMiiiig tlio (‘ontrol 
% rxrfciittMl by the brain 

The {Ktiiular belief in aleohol iih being a gond tiling to take in 
onler to “ keep out the cold *’ eba-s not. tber<*fore a|>|M»aT to )ia\e 
mmh jiistitiealion Xo doubt to a iioiiiud healtbv ]M>rson uell 
elad. aiul e\|KK('d to a moderate degrei^ of eold tor oiiK a sliort 
|N*ri(Hl, the diM'oiiifoit of ehi|]itie<<s iiia\ be alleM.ited In a smalt 
(juantitx of aleoliol u it bout iisk oi imiirinig a dangerous fall of 
internal feinpei.itiiie liiii to take ahohol in <{uantil\ ulieii the 
4\|iosiiie is likeK to be piolonged oi the lold ioiMdeiable may 
U' tleeidedh dangi'ioiis. and all (he mon' ^o bei.iiise am miimiIioii 
of uariiitli uhieh tim\ be prodiieed mad^s the |k iH*ption of the 
n^ai elbs't. uhi< h is a general tooling of the hod\ 

(In the otliiT hand ahohol iiin> he o( distinet \:iliie after the 
hiulv has laeii diilhsi h\ e\|HMii(‘ to told siieli as an inimersioii 
m eold uatei When the patient hax las n uiapped in hoi hlanketa, 
the adniiiiixtialion of ahohol is useful, sime th<‘ liijiiid, b\ pioinoting 
thi* return of hlood to tin* siiifaie tail non n«*sist in the ah'‘Oiption 
of exlenuil heat and IIiun liel]) to it stme the gnieiul body 1eiii|N'ru- 
tun* 

.Use of alcohol in treatment of fevers. Alcuhoi Iihh 

long been n'gatdeil us a \idiiabte lemtiK in tNplioid utul other 
fevera, iuirtlv h\ nswin of its cooling elfet 1. but ]h rbiips still irion* 
iMH'aiisi* it IS eaimbie of m‘i \ ing in some di'giee as a fiHMlstiilT, n^plne* 
ing atari lira and sugars In ft‘\er the liiglier tein)HTHturo of the 
body haa lasm (oiisidertsl to tiixoiii the oxidation of the aleoliol, 
80 that a larger ipiantitv tan be utilisisl than could be uaeil up ni 
normal cin'uiustniuf's Dining its adininistration, houever, the 
effecta must b(‘ earefullv uatilus) to guard against injurioua action 
onthenernmssvstfin.wbH h nia> fN'euruitheertiimeluasi'sof ]iatient 
In modem mislienl pnietne aleoliol is iisisl iinieli iiion^ ajiaringly 
than formerly, even in the tiealineiit of fevers Kxhhmeo of thw 
is found in the de^n^asing amount of nioiu^y s|M*nt on alroholic 
Btimulanta hy eertain InispitalH during nsHiit yea^a Thtia in 
seven of the large l^don liospitaiN Iht* uginegate expenditure on 
alboholic liquids lyis £3,740 diiniig tlif^ \ear 1X02, but in toJ2, 
with mon* paiienta under treatment, it had decreaMvJ to £1,238, or 
leoa tiian one-third of the former amount. 
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yse as antiseptic. -Alrohol at a atrength o{ about 10 per 
rent and upwatila acta aa a pFPHFrvativr of many organir anbaiancra, 
and ia often addnl to medicinal pre|iarationN, ratraetH. winea. etc , 
to prevent putrefa<'tive deterioration In the abaenee of better 
antiseptic n-nieciies it may serve ns n useful applieation to fluunda 
if used somewhat freeiy and of not tiHi low a strength -■say tig to 
BO |ier rent In many spirituous liniments the aieohol, apart 
from any pur|inse which it may serve as solvent or antisejitie, baa 
a mild effeel ns a counter-irritant, sinee when welt rublied into the 
akin it dilates the liIoiKl-vessids When, on the other hiuid, it is 
used ns a lotion merely to lintlie the surface of the skin, and allowed 
to evniHirnte. it prodiu rs a cooling elleet anil diminishes tile amount 
of sweat excreted lienee its use. ill the form of |{au tie Cologne, 
Florida water, lavender water, and so on. to soothe eertain forms of 
heailaehe 

Htning aieohol alisorhs water Inmi animal and vegetable tissues, 
thendiy hanleniiig them . it is tlien'foie employed for deludrating 
histologienl siieeimens pn-paraloii to cutting scelioiis theirfmni for 
niicroscopical eMiimnntion 

•According lo Itiissi'll and Ibiddin,' neither nii'tlivl aieohol nor 
ethyl alcohol h ncailv so efleelive m sterilising sod ns might be 
HuppoM'd, the inuiimuiii clleetiie ilosis lasng. rcspeeliiely it2 and 
4 0 |H'r cenl of the weight ot the soil 

A lii'yer’ has toiind that alcohol ol 70 |H'r lent stieiigtli by 
weight (7(1!) by volume) is more ellectivi* as a Imetericide tlian 
alisihol of any other strength .\t above BO jwr cent (by weight) 
it IS aimisit usidess ns a disnifis'tant. since stiong aieohol pn-serves 
bacteria by dr\ing them Keen absolute aieohol dis's not kill dry 
baetena 'I'lie addition of chloroloiin. ether, lH'n/.ciie, acetone, 
glycerine, earbon disulphide, or )M'trolcuni ether, dues not incnsise 
the Imetericidal |xiwer of alcohol, but I'lnu de Cologne a spintuona 
solution of perhiine oils-has a more ]sinerliil disinteetont action 
than plain aieohol Cuinstnek. however, has luvestigatod the 
germicidal action of alcohol on the organisms BaciUm subfilu, 
B. iiiUAnlcia, H eoli romiauiiis, and SirfiHncarrm pyoycua aurciu, 
and eoneludes that it has but little value as an antiseptic against 
tlieso mieru-organisins, whether thu strength is ilo i>rr rent, or 70 
per cent.* 

> J s«. (’% fait- ifia. SB. lias. 

• arm. AM., lOl.V, (. 2661. 


' Apolh. Zal, 1»I3, 27. SS 
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ADDKNDUM 

Ahifml n\ \fttfw t'Htl \ii iiitri (li>|tiiitnt('ntat w.h 

lit OUnlici l!Ms |o to tho 

supply ot all ohol its inaiiiil.M tint* < ost niotlioii of (|<>natiinni;. ami 
siiilalalitN foi list' III iiiti Hill) loiiiliiistioii iiiuim^* M'lii irpoit of 
this ('onnnitl(‘<' apjNMiMl \\liils| tin pirsoiit xoluinr uiis in ||ii< 
final stii)<t‘s of priiitiiiL' Soim of ihr rliicl < om lusioiis aio imlnati'd 
iirr«‘lltul( i 

Tin* f'oiiiniitti'i Minsnli'i that .nlioii shmihl Ik* t.ih(‘n to I’lihiin* 
r)os<> mvc'simation of tlii* t|uisti(iiis of piiHlmtioii .iml iitilisaiion, 
m.itl till'll liiiitiilus of alioliolfoi and tiai lion p(npoM‘^ 

\ lai^rsi.ih* piartidil liial, 4'\li'ndin;| om'i a |M*nod o| nUMit 
'ill ucoks, of alioliol Im>ii/oI and aholiol Ik>ii/o{ petrol nn\liii<‘h in 
•> oiiiph'te licit of London niotoi'-oniinlaiscs, luiinnit! umiri daily 
si‘iMM‘<riiiditions, wasaiiantfcd loi L> tin foniniittii* \nc\|Mii 
iiiciital tcscanh for flic piiiposi of olilaiinni' in i urate data as to 
^he eonilni'^tion of \aiioiis niixtiiies uas alni inslitnled Neillitr 
ot ihesi* iiiMstijiatioiis, houevei. had liien loiiipleted ulieii tile 
report UHs piihlisfieil 

As regards 'suppis, (lieie aie ^utinll the Kiitisli Knipiie \ast 
existing and ptos|H*i tne soaiees of ah ohol fioin ^e^etllllle piodiietr> 
For example, eMdiiuv \ihs im‘i\ed (omeiinn^ prodiiition. coMs 
and yield of 'ixmer ahohol from tin flovierh of the Maliua tn*e 
{Biiifiiia laliff/tui) whiili flourishes in tin* Dniiui and tfie (Vnttiil 
rruvinofM of India 1'he auii-dned flnuens of this tree eontuin 
Gfl |ier cent of fenneiitahle sujtars. and ueld, ]N*r torn uliout IMI 
gallona of ffo ]K‘r lent ah ohol The\ ran he pressed, paeki‘<l, 
ex|K>rtrd, and atored for loii(£ |N*inHl<( viithout delenoralion. 

The pnwpi'etne pniduition ot iileohol from nmm* and other 
eerealH in the overM^as Doiniiiionit ami other parla of the Kmpm* 
it eonaidenHl to he ' eiieoiiragiiije, lioth aa n*);nrr1a*ijinintitieh and 

•I'Os , ' 


KciKirlCmd 31H, 1010 



sn ADDEin)irH 

' No utiHfactoiy mcthoit for utiluing prat as an rconomio source 
ol " power alriihol ” was brought to the notice of the Coiiinittcr, 
b||t ^r imtrnAal value of |x'at as a raw material for tHe purpose 
ahoultl nut lie ovrriisilird 

In the (tnitisl Kingdom the prislurtion ol jsmer alrohij on a 
eoniineri’iai basis from siieh arliehsi ns jMitatoes artichokes, sugar 
Is-et, and mangolds dis's not iip]s-ar iimcticnhle {■\cepl under sAme 
sj'stcm of Stale siilncntion So far as ccgelalilc sourn's of raw 
material an- (smcermsl, the conclusion is that uc must rely mainly 
nr enlirel) on mcmiMsI iinsliiction in tropical and snli-tnipical 
miintrics 

Synthetic production in isinsidcralilc ipiiiiitities howewr. esjieei- 
nlly fniiii coal and coke-o\en gases, is n-gnrdcd as pronusiiig The 
eciilcnie ns to the synthetic coiueision of I'llivleiie into idcohol 
indicates that this gas is a large |sitentinl source ol turner alcohol 
in (in-at Bntaiii. but tiiillier inccstigalions arc necessary Is'ton- 
deliiiitr ligun-s ns to (|uuntities and |iricc can lie guen 

The ('oiuiuittis' suggest that the cost ol deniitiiiiug ponei nlioliol 
might lie diminislusl by loaeriiig the pro|Hiilion of woisi-naphtha 
at (iresi'nl rinployisl, the diflereiice being made up wliolly or 
jwrlinlly, by )K'lroI, Is-ii'/ol, or other nausisius sulislaiii e Iniproved 
fiU'ilities for importation and distribution ol (uiwer alcohol are a'so 
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